International Library of Peychology 
Philosophy and Scientific Method 


The Analysis of Matter 


Intertiatfonal Library of ne Method 
Pailosophy and Scientific M 








ee : 
. " 
a 


_. OF iataae 1 1 1 1 1 ‘a Bike 
room = 





The Analysis of 
Matter 


BERTRAND RUSSELL 
F.B.S. 





LONDON 
KEGAN PATIL, TRENCH, TEURBNER & CO, LTD 
NEW YORK: HARCOURT, BRACE « COMPANY, INC 


1997 


FREETRE FH OEBAT FEITAIN =F 
Bie ARE oe, Cio, OIL LD EE 


CONTENTS 


Perec - . . . . . - ii 
L. Taz Natoes cr ras Paeosce . . - E 
FART I 


THE LOGICAL ARAL TSS OF FHYSICS 
I]. Pex-Rigqarnvoin Paso . 7 - . 


ial 
Cun 


1, Evectnoss aro Feoron . - - - oy 

TY, Tee Treas oF Quarta - - - - 

V. Tee Seecian Teeony oF Rauativiry - - » 48 

¥L Tem Genpait Tasoxr oF Revatrviry - . - 8 

VIE. Tax Mieorop or Teaou - - - -~ & 
VILL. Gaonmnce * - . * . _ oa 
TS. Daas) amp rate Pesca Inreersxratom - = fy 

x Ware's Ckecar - / + / 1 - 

XL ‘Tem Peeters oF Deppeakettiat Laws 1 - HI 

XI, Me.soeewent - - . “ . - 199 
X00, Marrey sup Space - - - - * im 
XIV. Ter Apoucmoes cr Perce o " * 1 

‘alg 
“eg, 
PART I aa 

PHYSICS AND PERCEPTION Ms 

ZY. Faeos Paice Patcervios to Como Tene + ryt 

SVE Feout Como Seg po Pavone . . - bb 
EVIL Waar 0 ak Beri Sot: - - Tip 
VIL Oo HucrLepor oF Paercuuas: Marrees oe Pact + 176 
MLA. Data, INFERENCES, Hrroticeees, ano Teecnce 86-187 
AX Tex Came Tasony oF PEacerrion - . + O77 

MAL. PREGRFTICN ant OR]ECTIVITT - - - - am 
XIE. Te wo is Gta Lawn + . _ ah 
AXOL. Stwstancz - » * - - - ast 
AXIY. Tero itor of Sesto ot BCU oe - bie 
EXY. PReceerian yeow tee STasRaT os Pervatce - 25 


SX¥1. How-Mewta, Akabhoves To Peacerticn + - w63 


W CONTENTS 


FART fll 

THE STRUCTURE GF THE FHYSICAL WORLD 
cuarre rece 
HAIL, Panthers sup Ever: - . + 275 
SRVEL, TEE Caeetency of Papeete 7 . ' 24 
ELK. Space-Time (nce - . 7 . 909 
EX. Cavmat Loe - - - . > §1q 
MEX. Havens Cactai Lawes - * . 7 iy 
ZHAI, Pivotal ako PERCE aL Geaci-Time + = 355 
SAIL, PRRIHCIy aD QUALITATIVE BRE . = 443 
AXAIY. Tres oF Porsrcat Coccegences - . - 9455 
MEXY. Capmiry anv IATerrac - * - = 407 
SERXAYVI. Tee Gere of Srace-Tike “ ' + 7h 
XVI. PTac! asp HeorTesa, Mow . - = 35% 
XAAYIL. Sountaky apn Common - * - - 9 


INDEX - La - : + = - - 7a 


PREFACE 


THe attempt to discover the philosophical onteome of modem 
poysics is one which, at the presant moment, ia beset with 
great difficulties, For, while the theory of relativity tug 
achieved, at lest temporarily, & stable form, the theory of 
quanta and of atomic stroctuce ia developing with sock 
rapidity that it is impossible to guess what form it will take 
aiew years hence. In these circumstances, it is necemary te 
exercise judgment ag to the parts of the theory which are 
definitively established and the parta which are likely to be 
modibed in the near fatere, For one who, Like the porment 
authar, ig not a profecsional physicist, the oxerciss of such 
judgment is diffectt, and ig likely ta be occasionally at fauit. 
The subject of the relation of “ matter" to what exists, and 
generally of the interpretation of physics in terms of what 
exists, 13, however, mot one of physics alone, Poychology, 
phydiology, mathematical logic, and philosophy ateall required, 
in adkditics: to phypics, for the adequate discussion of the theme: 
with which this volume deals. Consequeatly cortain short- 
comings on the part of a ample author, however cograttahle 
they may be, are perhaps scarcely avendable 

I om indebted to Mr R, H. Fowkr, FS, Mr M. H. A. 
Newman of St, John's College, Cambridge. and Mr F. F. 
Ramsey of King's College, Cambridge, for valuable help in 
regard ta certain portions of the work: abo ta Er BD, M. 
Wrinch for kindly reading the whole in typescript and supply- 
ing many valuable eriticians and snggeations. 

Certaga portions of the book were delivered as the Tamer 
Lectures in Trinity College, Cambridge, during the Michuchnas 
Term, rgz6. The book was, however, in preperation before 
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the invitation to give these lectures was recebved, and contains 
& good deal of material for which there seemed no place in 
the lectures. 

Since the porpose of the book is philosophical, it has beer 
my exdesvour to avoid physical and mathematical techaicali- 
tes as fer an poanble. Some modern doctrinss, however, 
perbaps bacause they are still recent, I have net succeeded in 
fasking iste noomathematical language. In regard to 
them, I must beg the indulgence of the non-mathematica] 
reader if he finds toc many symbols, and of the mathematical 


reader if be fds too few, 
B. RK. 


Jeary, 1997, 


THE ANALYSIS OF MATTER 


THE HATURE OF THE PROBLEM 


APART from pore mathematics, the most advanced of the 
sciences is physica, Certain parts of theoretical physics have 
reached the point which makes it possible to exhtbit a logical 
chain fret ctttain assumed premisses ta COS UEECES appar - 
couly very remote, by means of purely mathematical deduc- 
tions, This is true especally of everything that belongs to 
the general theory of relativity. Lt cannot besaid that physica 
as a Whole bas yet reached this stage, since quantum pheno 
mothd, and the eustence of electrons and proloos, comaio, for 
the monrent, brote fatis. Bot perhaps this state of affairs 
will not iast long; it is BOL chimorical to hope that a onified 
trtatoent of the whole of pliysics may be possible before many 

Tn spite, however, of the extraordinary successes of physica 
considered a9 a science, the philosophical outcome is much lesa 
clear than it seemed te be when Jess wasimewn. The purpose 
of the pregent chapter is to discuss what is meant by the 
" philosophical outcome " of physics, and what methods exist 
for determining its mater 

There are three kinds of questions which we may atk 
ceateerning physics of, indecd, comcernitig any science, The 
frat ia: What is ity logical structure, considered as 2 deductive 
syutem ? What ways exist of defining the entities of physics 
and deducing the propositions from an initial apparatus of 
entities and propositions? Thisisa problem in pare mathe- 
matics, for whith, in its fendamental portions, mathematical 
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logicis the proper instrument. It isnot quite correct ta speak, 
as we did just now, of “intial entities and propesitions.” 
What we really have to begin with, in this treatment, is hypo- 
theses containing variables, Ip geometry, this procedore has 
become familiar. Fnatead of ‘' axioms,” anpposed tt be 
“trae,” we have the bypothests that a sect of entitins {otherwise 
wndefinad) bas certain emumerited properties. We procetd 
to prove that such a set of entities has the properties which 
cométbtote the propositions of Eudidean geometry, of of 
whateva: other peouretry may be octupying owe attention. 
Generally it wil) be possible ta choote many diferent sets al 
ntti hypotheses huch will all yield the Same body of proposi- 
tions; the choice between these sets is logically itrelevant, and 
can be guided only by asthetic considerations. There is, 
however, considerable wtilty in the discovery of a few simple 
hypotheses which will yield the whole of some deductive 
system, since it enables us to know what teats are necegqary 
and sufficient in deciding whether some givan set of 
entities satisies the deductive system. Morcover, the word 
“entities,” which we have been osing, is too narrow if osed 
With acy metaphysical implication. The “entities” con- 
cemed may, in & piven application of @ dedactive system, 
be complicated jogical structures. Of this we have examples 
if, Pure mathematics in the definitions of cardinal numbers, 
ratios, teal numbers, etc. We must be prepared for the 
possibility of a sutilar result in physics, in the definition of a 
“pont "" of space-time, and even in the defirution of an electron 
of a proton, 

The logical analyars of a deductive system is mot such a 
definite and limited undertaking a5 it appears at first aight. 
This is doe to the cirtumstates just mentioned—namely, that 
what we tock at firgt as primitive entities may be replaced by 
complicated logtaal atructores. As this circumstance has an 
important bearing upon the philosophy of physics, it will be 
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worth while to illosteate its effect by examples from other 
fields. 

One of the best examples is the theory of finite integers. 
Weierstrass and others had shown that the whole of analysis 
was cechrcible to propositions aboot Gnite jategecs, when Peano 
showed that Ubese propositions were al] deducible from iva 
initial prepositions invelving threa undefined ideas.* The 
five initial propositions might be regarded a9 assigning certain 
properties to the group of threa nodefmed ideas, the proper- 
ties in question being of a logical, oot apecifically arithmetical, 
character. ‘What wat proved by Peano was this: Given any 
triad having the five propertics in question, aTery Proposition 
ef arithmetic and analysis is true of this triad, provided the 
interpretation appropriate to this triad is adopted. But it 
appeared Further that there is one such tnad corresponding ta 
eath iinite Sefieé ¥y, tye Ay. ss Bge es. fo Which there is 
just oné tenn cotresponding to cach Gniteinteper. Such series 
can be defined without mentioning integers. Any Such scrics 
eoold be taken, instead of the series of finite integers, a5 the 
basis of arithmetic and analysis. Every proposition of arith- 
metic and analysis will remain trac for any such gerjes, but for 
each series it will be a difisront proposition from what it is 
for any other series. 

Take, in Wostration, sot0¢ simple proposition of arithmetic, 
say: The sum of the first #4 odd nambers isn’. Suppose we 
wish to interpret this proposition as applying to thea progres- 
SOM Xpe Fp gee He - 0 U this pyrestion, ket At be the 
relation of each term te its successor, Then" odd numbers" 
will mean “tems having to #, 4 relation Which 13 & power of 
AA" where A" ig the relation of an x to the next ¥ but one.t 
We can now defme A" as meaning thet power of which 
relates 4, to +4, aod we can further define <, +2, 25 Disening 

5 Chm this subject, cf. Primed of Mathews, chap. xiv. 


+ The dedalt of power of a ration, in a farm oot jovehdeg 
Bani betd, leat bork in Primcipig Malbemuctica, Bon, 
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thats to which s, has the relation As. ‘This decides the 
interpretation of “ the sum of the first # odd oumbers,” To 
défine #", it will be best to define ordltpicaton. We hove 
défined A; comanier the ration formed by the relative 
poeduct of the converse of A together with A, This relation 
relates x, fo x4; (Ly square relates wy to 4.) its cobs relates 
tO, thc. Any power of this relation can be shown to 
he equivalent to a certain power of the converse of K multiplied 
relatively by a certain power of As. There is thus one power 
of this relation which is equivalent te moving backward from 
x, tO +,, and then forward; the term to which the forward 
movement takes us is defined ag 4, ua, Thus se can now 
interpret +." It will be found that the proposition Irom 
whith we started is true with this interpratation, 

Vt follows from the sbove that, if we ctart from Peano's 
undafined ideas and initial propositions, arithmetic and analysis 
are not concermed with deGnite logical objects called numbers, 
bot with the terms ol any progretsion. ‘Wie may call the terms 


od amy DroeTeEsion 0, 1, 2,3... ., 70 Which tase, with & suitable 
interpretation of 4+ and <, a the prepositions of arithmetic 
will be trae of these terms. Thoy o, 1, 2, 3. ..., become 


“vangbles.” To make them constants, we must choose 
game ge definite propression ; the natoral one to choose is the 
Progression of imite cardinal numbers a3 defined by Frese. 
Whal were, in Peano's methods, primitive terms are thus 
replace] by logical structores, comceming which it is necessary 
to prove that they satisfy Peano’s five poimilive propositions. 
This process is essential in connecting anthmetic with pur 
logic. ‘We shall find that 4 process similar in soime respects, 
though very different in others, is required for comnecting 
physics with perception. 

The general process of which the above is an instance will 
be called the process of “Literpretution.” It fraquently 
happen that we have a deductive mathematical system, 
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starting from hypotheses concerning undefined objects, and 
that we have reas to beleve that there are objects inlilling 
these hypotheses, alihough, Initially, we ace unable to point out 
any such objects with certainty. Usually, in such case, 
althoteh many different sets of objects are abstractly avail 
able as {ulilling the hypotheses, there ié oe sch set which is 
moch more important than the others. In the above instance, 
this set way the cardinal members. The substitution of such 
a set for the ondefmed objects is “interpretation.” This 
Ptocess is casantial in discovering the philosophical impart ef 
physics, 

The difference between an important and an unimportant 
interprotation may be made clear by the case of geometry. 
Any geometry, Euclidean or non-Eueldean, in which every 
Pont has ceordinates which are real numbers, can be later- 
preted 23 applyang (oa system of sects of rea) numbers—i.s. 
BA point can be taken ta dy the series of ita coordinates. This 
interpretation ia legitimate, and is convenient when we are 
studymg genmetry a5 4 bragch of pore mathematics. But it 
13 not the jagpertast interpretation. Geometry is inportact, 
wniike anithnctic and analysis, becacke it can be interpreted 
30 a3 to be part of applied mathematics—in fact, 30 as to be 
part of physics, It is this interpretation which is the really 
interesting one, and we cannot therefore rest content with the 
interpretation which makes geometry part of the stedy of real 
nom bers, and 90, wtimately, part of tha stady of finite integers. 
Geomoctry, as we shall consider it in the preeent work, will be 
always treated as part of physics. and will be regarded a3 dealing 
with objects which are not either mere variables or definable 
in porely logical terms. We shall not regard a geometry 
as satisfactory interpreted until its initial objects have been 
dcfined in terms cf antities forming pact of the emprical 
World, ag apposed to the world of logical necessity. It in, of 
cout, Possible, and even likely, Hnat varioos different geo 
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ractrics, which woold ba incompatibls if appliad to the same set 
of cbjects, may all be applicable to the ecapinical world by 
Treacs Of diferent interpretaboos. 

So far, we have beea considering the logical analysis of 
Physics, which will form the topic of Part 1, But in relation 
to the interpretation of peometry we have already been brought 
into contact with a very different problem—namaly, that of 
the apphcatroo of physics to the empirical world. This is, of 
course, the vital problem: although physics can be pursued a 
pure mathematics, it is mot as pure mathematics that physics 
is important. What is to be said aboot the logical analysis 
of physics is therefore only a necessary preliminary to our 
tuain theme, The laws of physics are believed to be at leant 
appreximately true, although they are not iogically necessary ; 
the evidence for them is empincal, All empirical evidence 
Consists, in the last analyais, of perceptions; thos the world of 
POAC must be, in same genge, continuous with the world of 
ont Perceptions, since itis the latter which supplies the evidence 
for the laws of physics, In the time of Galileo, this fact did 
not seem to raise any very dificult problems, since the world 
Of physics had not yet become y abstract and remote os 
subsequent oescarmch bas made it. Bot already in the plile 
saphy of Descartes the modern problem is implicit, and with 
BGetheley it becomes explicit. The problem arises becansa the 
work of physics in, prime facie, so different foo the world of 
Ppercepbon that it ig diffienkt to ses bow the oné can afford 
evidence for the other: mureever, physics and physiology them- 
chves seem to give grounds for supposing that perception 
caniot give very accurate information a9 bo the axternel world, 
and thus weaken the propa Upon which they are built. 

This difficulty has led, especially in the worke of Dr White- 
head, tom new interpretation of physics, which is to make the 
world of matter less remote from the world of oor experience. 
The principles which inspire Dr Whitehead’s work appear to 
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ma sssential to a right solution af the problem, atthongh in 
the detail I sheuld sometimes incling toa somewhat mora con 
torvatrve attitode. We may state tha protlem abstractly 
a Jollows: 

The evidences for tie truth of physica is that perocptions 
Occur 25 the laws of physkts would lead ws to expect—+.g. we 
aes a eclipge when the astronomers gay there will De an eclipse. 
But physics itself never gaya anything about perceptions; 
it doeg not gay that we shall see an eclipse, but saya something 
aboot the gon and moon, The passage from what physics 
easerta to the expected perception is Init vagus and cagcal; it 
has none ef the mathematical precision balonging to physics 
Ttiealf, We moat therefore find an interpretation of phygica 
which gives a due place to perocptions: if not, we have ne right 
to appeal to the empincal evidence. 

This problem has two parts: to assiotilate the phytical werld 
ta the world af perceptions, and to agsimifate the warld of 
perceptiong to rhe physical world. Physics must be inter- 
preted in g way which teods towards idealism, and perception 
in a way which tends towards materialism, I believe that 
matteris fess matenal,and mind jess mental, than is commonly 
supposed, and that, when this is malined, the diffirultics 
Taised by Berkeley largely disappear. Some of the difficultict 
maistd by Homo, it is trus, have mot yet been disposed of; 
but they concerto scientific method in general, more particobarly 
induction. On these matters J.do aot prapose to say anything 
in the preseot volume, which will throughout assume the peneral 
validity of 4ciéntifc mathod propetly conducted, 

The problema which arieo in attempting to bridge the gulf 
between physics (as commonly interpreted) and perception 
are of tend kinds. hore ie first the epistemological problem: 
what facts and entities do wo keow of that are relevant te 
Phyct, aed may serve af its ernpurical foundation? This 
demands & discussion of what, exactly, is to be learot [rom a 
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perception, and also of the gencrally assomed physical caum- 
tion of perceptiong—a.2. by light-waves or soond-waves, In 
connection with this latter qotetlon, it if necetéary to comider 
lew far, and in what way, a perception can be supposed to 
rebttobk: its external caose, ov, at least, to allow inferences 24 
to characteristic: of that cause. This, in turn, demands a 
carehol consideration of caused laws, which, hosaver, is if ay 
cane a necessary part of the phikwephical analyas of physics. 
Throughout this ingoiry, we are asking oorselyves what proends 
exist for supposing that physieg is "tre, But the meaning 
of this question requires some elucidation in connection with 
what hes abeady bean said aboot interpretation. 

Apart altogether trom the general philesophical problem of 
the meaning of “truth,” there is a certain degree of vaguence 
about the quéstio: whether phiygict is “trae.” In the 
TaTTOWweZ. SENSE, We Inay Say that physicais true if we Dave 
the perceptions which it leads ug to expect. In this senst, a 
slipeist might say that physics 15 trua; for, although be would 
suppose that the son and moon, for instance, are merely ocrtam 
series of percéepbions of his ono, yet these perceptions could be 
foreseen by assuming the generally received laws of astronomy. 
So, for mmmple, Leibois says: 

“ Althoogh the whole of this life were said to be nothing 
but a dream, and the visibk world nothing but a phantasm, 
T sbogkd call this dream or phantasm real enough, if, naing 
reason: well, we were never deceived by it,"* 

Amman who, without beng 4 salipsiat, believes that whatever 
is real ig mentel, peed have no difbculty in declaring that 
physics is “tome” in the above sense, and mnay even go further, 
and allow the trath of physics in & moch wider sense. This 
wider eenat, Which T regard a9 the more important, i349 follows: 
Given physics a9 8 deductive system, derived irom certain 
hypotheses as to ondeimed terms, do there axist particulars, 

* Philssophiicke Works, Gerlanit’s edlthon, vol. vil. p. $40. 
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or logical strocteres composed of particulars, which salisty 
these hypotheses * Tf the answer is in the affirmative, then 
Physics is completely ““ tope."” ‘We shell tmd, if [am net mis- 
taken, that 21> conclosive reasco can be given fer a fully aff 
tive answer, but that euch an answer emerges naturally Uf we 
adopt the view that all our perceptions are cansally related la 
antecedents which may not be perceptions. This is the view 
of common stusc, and bas always been, at Teast in practice, 
the view of physicats. ‘We start, in physicé, with a vague mass 
of comomor-stnés belicts, which we can subject to progressive 
Tefinements without destroying the truth of physics jin our 
Present senge of “ trith ); but if we attempt, like Degcartes, 
to doubt all common-sense beliefs, we shall be unable to demon- 
strate that any absordity resolts from tha rejection of the above 
bypotbesis a3 to the causes of perceptions, and we shall 
therefore be left uncertain as te whether physics is folly" true” 
or mek, In these cirenmetancee, it would seam to be a matter 
of individual taste whether we adopt of reyect what may be 

The epistemological probkem, which we bayer just been statlog 
in ootline, wall occupy Part IT, of the present work. Part IIT. 
wil be occupied with the outcome for ontology—i.c. with the 
question: What are the vitimate exigtents in terms of which 
physics is tree (assuming thet there are such)? And what is 
their general gtructore?) = And what are the relations of space- 
time, canslity, and qualitative series regpectivehy ? [By 
“ qualitative series’ I mean soch as are formed by the colours 
of the rainbow, or by notes of various pitches.) We shall ond, 
iT am not mistaken, that the objects which ace mathematically 
Prttitive in physics, such as electrons, protoné, aod points in 
Space-time, ace all logically complex structores comptsed of 
entites which are metephysically more prituitive, which may 
be conveniently called “events.” [tis a matter for mathe- 
matical logic ta show how to construct, out of these, the 
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objects required by the mathematical physicist. It belongs 
alec to this part of our subject to inquire whether thore ia 
anything in the known world that is not part of this maia- 
physically primitive material of physics. Here wa darive graat 
assistance from our earlier epistemological inquiries, since These 
enable us to see how physics and peychology can be included 
in one science, more conertte than the former atid more cotn- 
prehensive than the latter. Physics, in itself, is exceedingly 
abstract, and seveals only certain mathematical characteristics 
of the material with which it deals. It does mot tell ws any- 
thing as to the intringic character of this material, Psychology 
is preferable in this respect, Dut is not caugally autonomous: 
if we aagame that peychical events are subject, completely, to 
causal jaws, we are compelled to postulate apparently extra- 
paychical cagces for anne of them. But by bringing physics 
and pereption together, we are able to inclade psychical 
events in the material of physics, and ta give to physics the 
FTeater cotietsteness which results from our more intimate 
acquaintance with the subject-matter of our own experience. 
To show that the traditional separation between physics and 
paychology, mind and matter, is nat motaphysically defensible, 
will be one of the purposes of this work; but the two will be 
brought together, not by subordinating either ta the other, 
but by displaying mith as a logical structore compos] of 
what, following Dr H. M. Sheffer,” we shall call " anatral 
stuff." We shall not contend that there arms demonstrative 
grounds in favour of this constractiog, but only that it is 
recommended by the ginal scientific grounds of economy and 
comiprebensivemess of theoretical axplanation. 
* See Prodere ty Betts Comcepe of Coniciomcess, 


PART 1 
THE LOGICAL ANALYSIS OF PHYSICS 


CHAPTER I 
PRE-RELATIVITY PHYSICS 


Tre physics of Newton, considered asa deductive system, bad 
a perfection which is sbeent from the physics of the present 
day. Science has two porposés, etch of which tends ta con- 
flict with the other. (Om the one band, there isa dJegire to know 
Bé touch as peoatible of the facts an the region concen’: of 
the other hand, there is the attempt to embrace all the known 
facts in the smalkst pessible number of gonsral laws. The 
lar of gravitation accounted for all the facts about the miotiots 
af the planets and their satellites which were known in Newton's 
day: at the time, tt exhibited the adeal of science, But facts 
and theories seem destined to conflict sooner or later. When 
this happens, there is a tendency either te deny the facts of to 
despair of thaony. Thanks ta Kinstein, the minvte facts which 
have been found incompatible with the natural philossphy of 
Newton have beon fitted into a new natural philosophy; but 
there ig not yet the complete theoretical harmony that existed 
while Newton was undispated. 

Ttis menephary today drmething about the Newtonian eystem, 
ainca everything gobsequent bas arisen a9 at amendment fo it, 
not as a fresh start. Most of the fundamental concepts of this 
syetem aro due to Galileo, but the complete stroctum appar 
first in Newton's Priacigia, The theory is simple and mathe- 
matical: indeed, ane of ita main differences from modem 
theories is its belicé (perhaps traceabls to Goock geometry) 
that Nature is conveniant for the mathematician, and regnines 
littl: manipulation befom his concepts became applicable. 

The Newtonian aystem, stated with schematic simplicity, 
as, eg, by Hoscovitch, is as follows. Them is an absolnte 
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apace, compoeed of points, and an absolnte time, composed of 
instants; thers are particles of matter, sich of which persists 
through all time and oocupies 2 point at cich indtant. Each 
particle: exerts forces on other particles, the effect of which ig 
to preduce accelerations, Bach particle is associated with a 
certain qnantity, its mesg,” which is inversely proportional 
to the acceleration produced in the particle by a given force. 
The laws of physics are concerved, or the analogy of the Jaw of 
gravitation, as formule grving the foree exerted by one particle 
on another in a givth relative situation. This system i 
logically faultless. Tt was criticized on che ground that 
absolute space and time were meaningless, and on the ground 
thet action at a distance was inconceivable. This latter objec- 
tion Was Sanctioned by Newton, who was mot 2 sbrict Kew 
tofian, But in fact neither objection had any force from 4 
logical point of view. Kant's antinomies, and the supposed 
Cieuwlies af infinity and continujty, were finally disposed of 
by Georg Cantor, There was po valid a prior reason for sup 
posing that Natore was not yuck a9 the Newtonians averred, 
and their scientific successes aflarded empirical, or at least 
Pragmatic, arguments im their favour. Ttis no wonder, there 
fore, that, thronghont the eighteenth century, the system of 
ideas which had Jed to the law of gravitation dominated all 
scientific thought. 

Before physics itedi had made any breaches in this edifice, 
there were, however, certain objections of an epistemological 
order. It will be worth while te consider these, since itis orged 
that the theory of relativity is mot open ¢o them, though F 
believe this claim to be onby partially justified. 

The mest formidable and persistent attack wes upon absolute 
epdice and time. Thus attack wae initiated by Leibniz it the 
Lifetime of Newton, especially in his controversy with Clarke, 
whe represented Newton. In time, most physicists came to 
disbelieve in absolote space and time, while reluning the New- 


PRE-RELATIVITY FPR YSIC5 15 


tonian technique, which assunrad their existence. In Clerk 
Maxwell's Mater and Motown, abeclote mation is aggerted 
10 One passage and denied in anther, with hardly any attempt 
to reconcile these two opinions. But at the end of the nine- 
teenth ceatory the prevalent view was certainly that of Mach, 
who vigorous denied absolute space and time. Although 
this denial has now beco proved te be ght, 1 cannot think 
that before Einstein aod Miokdrweki it had any conchisive 
atpinents in its favour. In spite of the fact that the whole 
weston is DOW angent Lishony, i may be instructryt to ton 
sider the arguments briefly, 

The important reasans for rejecting absolute space and time 
were two. First, that everything we can observe has to do 
aly with the relative pogitions of bodies and events; secondly, 
that poiots and instants are an unnecessary hypothasis, and 
are therefore to be rejected in accordance with the principle 
of etonotoy, Which is the Same (thing as Occam's rater. It 
appegrs to me that the first of these arguments has no force, 
while the second was false until the advent of the theory of 
relativity, My reagong are a3 fellows: 

That we can only observe relative positions js, of comrse, true; 
bot science assomea many things that cannot be observed, 
fox the sake of simplicity and continuity in cansal laws. 
Leibniz assumed that there arc infnitetimals, although cvery- 
thing that we can obferve exceeds a certain Winumuw size. 
We all think that the earth has an inaide, and the munon a sade 
which we cannot ste. Hot, it will be said, these things arc like 
what wt observe, and circotostances tan be imagined under 
which #t shoald observe: them, whertss absolote space and 
time are different in kind from anything directly knoran, and 
could not be directly known in any conceivable conditions. 
Unfortunately, however, this applies equally to physical bodies, 
The relative positions whith we see are relative positions of 
parts of the visual field; bot (he things in the visual field are 
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not Dedies as conceived in tractitional physics, which is domin- 
ated by the Cartesian dualism of mind and matter, and places 
the visual Geld in the former. This aggument is not valid a 
aeunst Mack, who argued that cur sensations are actually part 
of the physical world, aoc thes inaugurated the movement 
towards ototral monism, which denieg tha ultimaia validity 
of the mind-matter dualitm. But it is valid os against all those 
for who matter is a sort of Dagsanesich, extentially diffeeme 
from anything that enters into out experience, For them, it 
should be 24 illegitimate to inder caatler irom oar perceptions 
a5 to infer absolute space and time. The one, lke the other, 19 
part of cur naive beliefs, as is shown by tha Copernican con- 
troveréy, which would have been impossible Jor man who m- 
fected absolute space and tints, And the remoteness from oor 
perceptions 13 45 Much a distovery due to reflection in the one 
Case 23 in the other, 

it is imposible to lay down a Hardand-tgst mile that we can 
never walidly infer something radically different from what we 
obgerve—unloss, indecd, wt take up the position that nothing 
upobserved can ever be validly inferred. This wew, which 
is advocated by Wittgenstein in bis Trasiatus Logico Phil 
sopiness, has nich in its davour, from the standpoint of a strict 
logic; but if poty an end ta physica, and therefors to tha 
problem with which thigwockisconcemed, 1 shallaccerdingly 
assume that scientific inferenca, conducted with due care, 
may be valid, provided it is recognized as giving only proka- 
bility, not certainty. Given this axrumption, I set oo possible 
ground for rejecting an inittence to absolute space and time, 
if the facts seem te call fer it. It may be adautted that it in 
better, if possible, to avoid inferring anything very different 
from what we laiew te exist. Such a principle will have to be 
based on grounds of probability. Jt may be said that all infer- 
ences to somethiog unobserved are only probable, and that their 
probability depends, in part, upoa the @ grfor’ probability 
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of tha hypothesis: this may be supposed greater when we infer 
something similar to what we loew than when ws infer some- 
thing dissimilar. Biot it seecs questionable whether there is 
mech foree in this argument. Everything that wet perceive 
directly is subject to certain cond.lions, more especially physic- 
logical conditions: it wooild seem ¢ Arion probable that where 
thes conditions aré absent things wook be different from any- 
thing that we can experjence, I. we guppose—as wa well 
Inay—that what we experience has certain characteristics ton-= 
nected with our experiencing, there can be ne @ pron objection 
to the hypothesis that some of the things we do not experience 
ate lacking in some characteristics which ate universal in our 
experience. The inference to absolute space and time must, 
therefore, be treated ag on a level with any other inductive 
inference, 

The second argument against absolute space and time— 
namely, that they are unnecessary hypothes|es—has timed out 
te be wallid: but it is only in quite recent times that Newton's 
arfument to the contrary has been refuted. The argament, 
a éVenone knows, was condemned with aiealute rotation, 
Tt is urged that, for “abeolole rotation,” we may substitute 
“ rotation relatively tao the fixed stars.” This is formally 
correct, but the influence attriboted to the fixed stam savours 
of astrology, and is scientifically incredible. Apart from this 
special argument, the whole of tha Newtonian technique is 
based upon the assumption that there is soch a quantity as 
absolute accelemtion: without this, the system collapses. 
That is one reaton why the law of gravitation cannot enter 
wochanged inte the general theory of relateity. There are, 
of comma, two distinct elements in the theary of relativity: 
ane of them—the merging of space and time into space-tinie— 
is wholly new, while the other—the substitution of relative for 
ehsnute motion—has been attempted ever sinc the time of 
Leibniz. Bat this older problem could net bo solved by 
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itself, because of the necessity for absolute acceleration in 
Newtonian dynamic. Only the method of tensors, amd the 
new iow of gravitation cbtained in accordance with this mathed, 
have made it possible to answer Newton's arguments for 
absolute space and time. Whale, therefore, the contention that 
these are uncesessary would always have been a valid ground 
for rejecting theta if it bed been Known to be trie, it is onby now 
that we can be confident of its correctness, since it it only now 
that we potsess a mathematical techoique which is in accond- 
ence with it. 

Somewhat similar considerations apply to action at a dis- 
hance, which was also considered incredible by Newton's critics, 
from Leiboiz onwards, and even by Newton himself. ‘There 
is ome Wheory, winch may well be true, according to which 
action at a distance is self-contradictory: this is the theory 
which derives spatio-temporal separation from cansal aepara- 
tiog. $7 shall say no more aboot this possibility at present, 
Site it Was tot suggested by any of the opponents of action at 
a distance, all of whom considered spatial and temporal rmei- 
tions totally distinct from caugal relations. From their point 
of view, therefore, the objection ta action at a distance seentt 
to have been littl mor than a prejudice. The source of ihe 
prepodice was, I think, twofold: first, that the notion of 
"forts," whoch was the dynamical form of * cause,” was derived 
from [the sensations of pushing amd pulling; secondly, that 
people falsely cuppoted themselves in contact with things when 
they pushed and pulled them, or were pushed and pulled by 
them. I donot mean that sech crode notions would have been 
explicitly defended, but that they dominated the imaginative 
Picture of the phytical work?. aod made Newtonian dynamics 
scem What is absurdly called “ intelligible." Apart from such 
mistakes, it should have been tegarded as a porcly empirical 
question whetber there ls action at a distance or mot. It saa 
in fact so regarded throughout the latter halt or three-quarters 
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of the eighteenth century, and it was generally held that the 
empirical atpucitnts in favoor of action at a digtanca were 
overwhelming. 

Not wholly anconnected with the question of action at a 
distance waa the question of the rile of " force *' in dpoemica, 
In Newton, "farce " plays a great part, aod ther seems no 
doubt that he regerded it a3 a ora cawsa. If there was action 
at a distance, the ose of the words " central forces“ seemed to 
Toake it somehow more “intelligible.” Birt gradually it was 
increasingly realizod that “ force is metely a connecting lmk 
between configurations and accelerations: that, in fact, causal 
Jaws of the sort kading to differential equations am what we 
feed, and that “force” is by no means oecessary for the 
enunciation of such laws. Kirchoi and Mach developed 4 
mechanics which dispensed with “ foree,"* and Hertz perfected 
their views in a treatise* compareble to Euclid from the point 
of view of logical beauty, beading to the result that there is 
ooly one law of motion, to the eAect that, in a certain defined 
sense, every particle describes a geodesic, Although the whole 
of this development involved no estential departure from 
Newton, it paved the way for relativity dynamics, and pro 
vided much of the nenessary mathematical apparatus, particu- 
larly in the use of the principle of Jeast action, 

The first physical theory te be developed on lines defmitely 
different from these of Newtonian astronomy was the on- 
dulatory theory of light. Mot that there was anything to 
contradict Newton, but that the framework of ideas wos 
diferent. Transmission through a medium had been made 
fashionable by Descartes, and unfeshionablo by the Naw- 
tominngs; in the case of the transmission of light it was foond 
necessary to revert ta the older point of view. Moreover, the 
ether was never 39 comfortably material 25" prow" matter. 
It could vibrate, bot it did not seem to consist of litte bits 

« Primripion dow Mackhanik. 
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each with ite own individuality, or te be subject te any dis- 
coverable molar mations. Noone lmew whether it was a jelly 
ora gas. Its properties could net be inferred from those ol 
billiard balls, but wart merely those demanded by its fonctions. 
In fact, Hike a paindully good boy, it only did what it was tald, 
aod might therefor be expected to die young. 

A Tore serious change was intreduced by Farmday and 
Marwell, Light had never been treated on the analogy of 
gravitation, but electricity appeared to consist of central 
foress varying inversely as the square of the distance, and 
was therefore confidently fitted into the Newtonian scheme. 
Faraday expetimecotally and Maocrcll theatetically displayed 
the inadequacy of this view: Maxwell, moreover, demonstrated 
the identity of light and decttomagnetism. The wether 
required for the two lands of phenomena wat therelore the 
game, Which gave it a much better claim to be supposed ta 
exist. Maocwell’s proof, jit is true, was not conclusive, but it 
was made £0 by Herts when ha produced electromagneht waves 
artificially amd studied their properties caperimentally. Tt 
thus became clear that Meowell’s equations, which contained 
practically the whola of his system, must take their pace 
beside the law of gravitation as affording the roathematical 
formela for 2 vest range ol phenomena. The concepts required 
for these equations were, at first, not deAnitely contradjctory 
to the Newtonian dynamics: bot by the help of subsaquent 
éxporimmcntal meoglts contradictions emerged which were ooly 
removed by the theory of colativiny. Of this, howevar, we 
shall speak in 2 later chapter, 

Another breach in the orthodox system, of which the 
impartance has only become fully manifest since the publica 
tion of the genefal theory of relativity, was the invention of 
nint-Evedidean goometry. In the work of Lobatchevaky ond 
Bolyai, although the philesophical challenga to Euclid was 
already complete, and the comgegnent argument against Kaot's 
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transcendental eathetic very powerful, there were not yet, 
at least obviously, tha far-reaching physical implications of 
Riemann's inaugural dissertation “ Qeber die Hypothesen, 
Welebe der Geometric co Grunde liagen.” A few works on 
this topic are unaveidable at this stage, although the full 
discussion will coor later. 

One broad result of otm-Euclidean geometry, even in its 
carlicst form, was that the geometry of actual space is, at 
least in part, an cropirical study, oot a branch of pure mathe- 
matiz. It may be said that empiricists, soch as J. &. Mill, 
adways based pcomctry upon empirical oberrvatien, ut they 
did the same with arithmetic, in which they were certainly 
mistaken, No one before the non-Enoclideans perceived that 
arithmetic and geometry staad on a quite differant footing, 
the fortact being continuous with pute logic and independent 
of experience, the latter being continuous with phisies and 
dependent upon physical data, Geometry can, it is true, be 
gti}l gtudied a5 a branch of pure mathematica, but it 9 then 
hypothetical, and cannot claim that its initial bypetheses 
febich replace the ayiams) are true in fact, since this is a ques- 
tian outside the scope af pure mathematics. The prometry 
which is required by toe engineer or the astronomer is mot a 
teen of pure mathematics, but a branch of physics, Indeed, 
in the hands of Kanstem geometry has become identical with 
the whole of the general part of theoretical physics: the two 
arc united in the general theary of relativity. 

Ricmaon, who was logically the immediate predecessor of 
Einstein, brought in a new idea of which the importance waa 
oot perceived forhalfacentury. He considered that geometry 
aught to start from the infinitesimal, and depend upon intagra- 
tion for statements about finite lengths, areas, or volumes. 
This requires, ter alfa, the replacement of the straight linn 
by the gemdegic: the latter bas a definition depending upon 
infinitesimal distances, while the former hag mor. The tradi- 
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tional view was that, while the length of a curve could, io 
gcueral, only be defied by integration, the length of the straight 
line between two points could be deined a5 a whole, not as 
the Jimit of a sam of tittle bits, Hiemann’s view was that a 
fraight Line does not differ from a curve in thigraspect. Miore- 
over, measoremcot, bamg perfonoed by mans of bodies, 5b 
a Pbytical operalion, and its results depend for their interpreta - 
tion upon the ews of physics, This point of view bas turned 
out to be of very great importance. Its scope hag been ex- 
tended by the theory of relativity, but in essence itis bo be fomod 
jn Kjemann’s dissertation. 

Hiemano's work, as sell as that of faraday and Maxeell, 
belongs, like the theory of relativity, to the development of the 
wiew of the physical workd 26 a continuods mecbunt, which 
has, (rom the earliest times, contested the mastery with the 
atamic view. Just a5 Newton caused absolute space and time 
to be embedded in the technique of dysamics, so Fythagorag 
caused spatial atomiam to be ombedded in the technique of 
geometry. Ever smoc Greek times, thosa who did nat belicve 
in the reality of" points " were faced with the difficulty that 
a geometry based on pouits works, While no other way of start: 
ing gesmelry way koown. This difficulty, as Dr Whitelead 
bas shown, exists oo looger. It is now possible, as we shall 
aes at a later stage, to interpret geometry and physics with 
material all of which is of a finite siza—it iy ewen posible to 
deniand that none of the material shal! be smaller than an 
anigned finite sive. The fact that this hypothesis can be 
reconciled with mathenvatical continuity is a novel discovery 
of considerable importance; uotil recently, atomism and con- 
tingity appeared incompatible, There are, however, forms 
of atomism which have not hitherto beto foond cas to 
recencils with continaity; and, aa it happens, thor is powerful 
experimental evidence in their favour, Just at the moment 
when Masowell, gupplemanted by Herts, appeared fo have 
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reduced everything to continuity, the mew mvidente far an 
atomic view of Natuce began to accuriolate, There is etill an 
noreconciled conflict, ota set of facts pointing in one direction, 
aml another in another; but it is legitimate to hope that the 
confict will be resolved before kong. Wdedern atomism, 
however, demands a new chapter. 


CHAPTER It 
ELECTRONS AND PROTONS 


Puvsics, al the present time, id divisible into two parts, the 
ome dealing with the propagation of energy in matter or in 
Tegias where there is no matter, the atber with the inter- 
changes of coéfey between these regione aod matter. The 
formar is found to require continuity, the latter discontinuity. 
But before congideting this apparent conflict, it will be advis- 
able to deal in outline with the di¢cootowous characterishics 
of matter and energy a3 they appear in the theory of quanta 
and io the stracture of atoms. It is necessary, however, for 
Philosophical porposes, to deal only with the mogk general 
aspects of modem theories, ginea the subject ia developing 
rapidly, and any statement runs a risk of being out of date 
bedore it cat be prented, = The topics considered in this chapter 
and the next have been trested jo an enticely new way by the 
theary initiated by Heisenberg im tg2§. 7 shall, bowever, 
postpone the comsidcration of this theory until after that of 
ihe Rutherford-Bobr atom and the theory of quanta con 
pected with it. 

Tt appears that both matter and clectricity are comcentrated 
exclusively in certain finite units, called eloctrons and protons. 
Tt ie possible that the helium nuclews may be a thied indepen- 
dent unit, but thisseemsimprobable.* Thenet positive charge 
ofa helium nucleus is danble that of a proton, and its mass is 
Hightiy less han jour times that of a proton, These facts 
are explicable fincloding the clight defictency of mass) if tha 

* Proeaeors FL Paneth goed fh. Peters cham do have tranaformed 
hydrogen inte beium. LH this cleim is muitstantlated, it disposes 
dehortivel: of tbe pombility that the beligm duclens & en independant 
okt, See Aa, October &, pg, Pp. pack 
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heliim ticitus comsists af foor protons and te eclactrons; 
otnersige, they seen ah almost inotedible coimetdence. We 
tay (hersfore assame that electrons and protons are the sole 
congiitoents of nyatter, tf it should buro aut chat the belivi 
nares musk be added, fhat would make itile differeace to 
the philosophical analysis of matter, which 1 Gur task if this 
velume, 

BProtens al) have the same mas and the game amount of 
positive electricity. Electrong all bave the game magg, aboot 
tre Of the mass of a proton. The amount of nepative elec- 
tricity on an clectron is always the sama, and ia such as te 
balance exactly the amount on a proton, 50 that one clectron 
and ome proton together constitute an electrically neutral 
system. An atom consists, wheo anelectrifed, of a oucltus 
surrounded by planetary electrons: the oumber of thess elec- 
trons js che atomic number of the clement conceme|d, The 
puclews coosibls of protons and ekectrong: the oumber of the 
former is the atomic weight of tha alament, the omer of the 
latter ig such a9 to make the whole electrically neutrals. 
it ip the diflarence between the number of protons in the suclans 
and the oumber of planctary electrons. Every item in this 
complicated structure is supposed, at nomial tinies, to be 
engaged in motionk which reault, on Newtonian princpkes 
(modified slightly by relativity comsidecations), irom the 
attractions between electrons and protogs and the repulsions 
between protoié and protons as well as between electrons and 
electrons. But of all the motions which shoold be possible 
on the analogy of the solar system, it is held that only an 
infinitevimal proportion are in fact powmible, this depends upon 
the theory of quanta, in ways which we shall consider later. 

The caleniation of tho orbita of planctary clectrons, on 
Newtonian principles, ig ooly possible in the two simplest 
cases: that of hydrogen, which consists (when unelectrified) 
of one proton and one electron; and that of positively electri- 
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fed keliom, which bas lett one, but not both, of its planetary 
electrons. In these ten cages the mathematical theory ig 
practically complete, In alt other cases which actually occor, 
although the mathematics required is of a sort which bas beco 
investigated ever since the time af Newton, it is impossible to 
obtain txact solutions, or evn pocd approsimations. The 
ease is still worse as regards nuclei. The mucleus of hydrogeo 
is a single proton, but that af the next element, belium, 
is held to congist of four protons and two electrons. The com- 
bination most be extracrdinaniy stable, both because no 
known process disintegrates the helium nucleus, and becaose 
o£ the Joes of masa involved. $= (U1 the mass of the helium atom 
is taken as 4, that of a bydrogen atom is not 1, but rood.) 
This latter argument depends upon considemtions connected 
with relativity, and must therclore be discussed at a later stage. 
Varivus suggestions have been made as to the way in which 
the protons and electrons are atranged in the beliwm nucteus, 
but none, 30 far, has yielded the necessary stability. What 
we may Call the geometry of nucki is therefore stil unknown. 
Tt may be that, at the very small distances involved, the law 
of force is not the inverse square, although this law is found 
pertectly satisfactory in dealing with the motions of the plaoec: 
tary electron in the two cases in which the mathematics ig 
feasible. This, however, is merely a speculation; for the 
present we must be content with igoorance a3 regards the 
arrangement of protons and electrons m ouclei other than that 
of hydrogen [which conLains ao electron in the pucleus), 

$a long a3 an atom remains in a state of steady motion, it 
gives no evidence of its existence to the cutside workd. A 
material system displays tty exigtence to outsiders by radiating 
or absorbing energy, and in no other way; and an atom dos 
not absorb oc part with anergy except when it undergoes sonden 
revolotionary changes of the sort considered by the theory af 
quanta. This is of importancs from our point of view, since 
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it shows that to mmpirical avideoce can decide between to 
theories of the atom which yield the same result aa regards the 
interchanges of energy between the atom and the surrounding 
medium, Jt may be that the whole Rotherford-Bohr theary 
ia too comerete and pictorial; the analogy with the golar syotem 
toay be mech Lass close than it ip represented a5 being. A 
therty which accounts Cor all the knowns facts 1a not thereby 
thown te be trie: this would require a prooi that oo other 
theory would do the same. Sach a proc! is vers sekiom 
possible: certainly it is not possible io the case of the steoctore 
ef the atom. What may be taken a3 ffm ground is the 
numerical part of the theory. Certain goantities, and certain 
whole numbers, ate clearly involved; bot it sould be rash ta 
ga¥ that such and such an interpretation of these quantities 
ath whole numbers is the only one possible. It is proper and 
right to we @ pictorial theory a5 4 help in investigation; but 
what can coont 25 definile knowledge is somcthing much more 
abstract. Andit is quite possible that the truth does not leod 
itself te pictorial statement, but unly te expression in mathe- 
matical formola, This, as we shail sec, is the view taken by 
what we may call the Heisenberg theory. 

Tt roay be wort while to linger a moment over Dus quevtivo 
of the nature of our real knowdedge concerning atoms. In the 
last analysis, all our knowledge of matior is derived from 
perceplions, which are themselves causally depeodent upon 
efiects on oor body. In sight, for example, we depead upon 
light-waves which impinge upon the eye. Given the waves, 
we shall have the visaal perception, assuming oa defect in the 
eye, Therefore noltung in visual perception alone can enable 
us to distinguish between two theories which give the samo 
result as cemards the light-wave; which reach human eyes. 
This, as stated, seems to introduce pay chological conadarations, 
But we may put the matter in a way that makes its phynical 
significance clearer. Consijer an oval surface, which ig liable 
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to cogtingons motion and change of shape, but persis 
throughout time; and Jet ws seppose that of humen being has 
ever been inside this sorfaca. In itustration, wé torght take 
a sphere surrounding the sun, of a little box surrounding an 
tlectron whith never forms part of a human bedy, Energy 
MAL crags Ubis guriace, sometirges inward, gometimes outward. 
Two views which lead to the same resolts a5 to the flow of energy 
aoress the boundary art cmpincally indistmguishable, since 
everything that we now independently of physical theary 
Lies ont4ele the surlace. Wie may enlarge cur oval surface 
until its “ inside‘ consists of everything outside the body of 
the physicist concernmed—to wit, ourselves, What we hear, 
and what we read in books, comes bo os entively through a Dow 
of energy across the boundary of cur body. Tt may well be 
maintained that oor dirmct knowlkedge ts less than this state- 
meat would imply, but it is certainly not greater. Two 
tniverses which give the same results for the flow of energy 
across the boundary of A's body wil be totally indistinguush- 
able for A. 

My object in bringing up these comaiderations is partly to 
elve a new tur to the arpoment about solipsjam Ag & tule, 
solipsitm is taken as a form of idealism—nameily, the view 
that nothing exits except my mind and my mental events. 
T thik, however, that it would be just as tational, or just a5 
irrational, to gay that nothing exists cuiside my body, or that 
nothitg exists outside a certain chosed surface which includes 
my body. Neither of these is the general form af the angu- 
ment The general form is tbat Brot given above—namely, 
that, given any region net containing myself, two physical 
theories which give the same boundary conditions all over 
this ragion ara empirically indistinguishable. Electrons and 
protons, in particular, are only known by their effects else- 
where, and so long as these cffects are unchanged we may alter 
our views ol electrons and protons as touch as we please without 
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Taaking a differmec in anything weritiahk. The question of 
the walidity of the inference to things outside ourselves is 
logically quite distinet from the question whether the steff of 
the world is mental, material, or neutral. I might be a sobp- 
siat, 2nd hold at the sane time that I am my bey: J might, 
conversely, allow inictences to things other than myself, but 
maintain that these things wete minds of mental events. In 
Physics, the questian is not thet of splipsism, but the mach 
more definite question: Given the physical conditions at the 
brmoding sottace of some volume, witheut any direct irow- 
ledge of the interior, bow much can we legitimately infer as to 
what happens in the interior? «Ts there good ground for sup- 
pasing that we can infer as moch as physicists wually asyome ? 
Or can we perbape infer much less than is generally supposed ? 
I do not propose as yet to athempt an answer to this question; 
L have raised if at this etage itt order to suggest a doubt as 
to the completeness of our knowledge concetning the structare 
ol the arom. 


CHAPTER I¥ 
THE THEORY OF QUANTA 


THE atomicity of matter is a bypothesic as old as the Greeks, 
and jn no Way Tepugnant to our mental habits. The theory 
that matter is composed of electtons and protens is beautifal 
through its successhil simplicity, but is not difficale to imagine 
ot Believe, It ja otherwise with the form of atomicity intro- 
duced by the theory ol quanta, This might possibly net have 
sOrprieed Pyihaporas, bit rt woold mest ccttainky have aston- 
ished every later man of science, ag it hes astonished those 
ef our own day, It is necoagary to anderstand the general 
principits of the theory befiote attempting a foudern philo- 
sophy of matter; but unfortunately there are still yosolved 
physical problems connected with it, which make it improbable 
that a satisfactory phiwsephy of the subject can yet be con- 
structed. «Nevertheless, we must do whal we can. 

Ag everyone knows, the qnantam was first introduced by 
Planck in 1g00 in his study of black-body radiation, Planck 
Showed that, when we consider the vibrations which con- 
atitote the heat in a body, these are not distnbuted among all 
possible values according to the usual law of frequency which 
governs chatrce distributions, but on the contrary are tied dawn 
by a coriam law, [fe is the energy of a vibration, and F its 
frequency, then there 3 3 certain constant 4," known 44 
Planck's constant, such that ¢/e is 4, or 24, or 34, or some 
other small integral moltiple cf 4. Vibrations with other 
amounts of energy donot occur. No reason is ovown for their 
Tem-decucrence, which rétoains so far of the nabure of s brute 

* The comerical wale of ho eg ro7 i ag eet, and rh dimen 
ioe ere those of * potion "ie, avery x tLe, 
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fact. .At first, it was an isolated fact. Bot now Planck's 
constant has been found te be invelved in various other kinds 
of phenomena: in fact, wherever observatim is sofficienth’ 
minute to make bt possible to discover whether it is invoalyed 
or met, 

A second field for the quantum theory was found m the 
photeeketre: effect, This effect is described as follows by 
Jeana:* 


"The general features of the phenomenot ate Wel known. 
For sone time it has been knidren that the incidence of high- 
frequency light on to the sorface of a negatively charged con- 
ductor tended to precipitate a discharge, while Herts ehowed 
that the incidence of the light on an uncharged conductor 
restlted in its acquiring @ positive cherpe. Titese phenomena 
have been showt quite conclusively ta depend on the emission 
of electrons from the surface of the metal, the electrong being 
sct ites m some way by the incidence of the light. 

“Tn eny particular experiment, the velocities with which 
imiviiea ckectrons ieave the metal have all valoceé from aera 
up fo a certain maximum velocity s. which depends on the 
conditions of the patticular experiment. No electron is found 
to leave the metal with a velacity greater than this maximum 
v. It seems probable that in any one experiment all the elec- 
trons are initially shot off with the same velocity #, bot that 
thase which come from a emall distance bebe the surface kee 
part of their velocity in fghtme their way out te the surface, 

“Leaving out of acount sich disturbing infyences a5 films 
of impontics on the metallic sorface, it appears to be a general 
Jaw that the maximum velocity v depends only on the nature of 
the metal and on the frequency of the iecident light. Tt doe 
not depend on the intensity of the light, and within the range 
of temperature within which experiments are possitie it doce 
not depend on the temperature of the metal.... For a given 
mete! this maximum velocity increases regularhy as the fre- 
quency of the light is increased, but there isa cartam frequency 
below which no mmission takes place at all” 


” Report on Rauliationt and the Guondn Theory, Poppetcal Soclety of 
Landon, pig. FSB. 
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The explanation of this phenomenon in terms of the quantum 
Was first given by Binstein® in rqog., When light of frequency 
® fall on the condmcter, it is found that the amount of anery 
absorbed by an electron which the light separates from its 
atom i aboot five-gixths of Ae, Where v is Planck's constant. 
Tt may be supposed that the other one-sixth ig absorbed by the 
atom, 60 that ato and clectron together absorh exactly ona 
quantin A, When the light is of such Inw frequency that 
Aes Tot enough to liberate an electron, the photo-electric 
eHect doca not take place. Explanations not invealving the 
quantum have been altempted,but none com able to account 
fer the data. 

Another ficld in which the quantom hypothesis has been 
found neseseary is the specific beat of solids at low tempera- 
tare, According to previous thencies, the specie beat (at 
constant volume) multiplied by the atomic weight onght ta 
fave the constant value $95. In fact, this it food to be very 
approximately carrect for high temperatures, but for iow 
temperatorcs there is a falling off which inersase: a3 the 
temperatere falls, The explanation of this tact offered by 
Bebyt is clegely analogous to Planck's explanation of the facts 
of black-body radiation: and asin that case, it seems definitely 
impowibk: te oblam a satistaclory theary without invokiog 
the quaotum.t 

The neott thteftesting 2pplication of quantum theory is 
Bohr's explanation of the ine spectra of elements, It bad been 
foond empinceally that the lines in the hydrogen spectrum 
which were known, bad frequencies obtained from the differ- 
ence of two" term,” according to the formula: 


pom i (3-a peurrevtiateeeee tt), 


where © is the fraqaency, 9 is“ Rydberg ’s constant," « and 4 


* dAsmaien der Fapeie, vol. owl, pb. Tat 
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até $mall integers, and 5 are wheat are called “terme.” 
Adter the forcoola hed been discovered, new lines agreeing with 
it were Soughtand fond. Cartala Lioes formet]y attribated to 
hydrogen, and not agreeing with the above formula, were 
atiibuted by Bebe to ionized hela; they are given by the 
formule: 
T I 
vagh at, 
F O6U&#d 
r= 4h rae 


Bobr's theoretical grounds for attiboting these lines to 
heliom were aiterwards confirmed experimentally by Fowler. 
Tt will be seen hat they fit inte the formula (t} when gf is 
sabstituted for ft, a fact which Bobr’s theory explains, a8 well 
ag the more delicate fact that, to make the fonmula exact, we 
have to sobetitute, mot cxzacthy gif, but a slightly smaller 
quantity. 

The form of the equation (1) suggested to Bohr that a lint 
of the bydrogen spectrum ig pot to be reyartded as something 
which tha atom, emits wheo itis in aetate of periodic vibration, 
but as produced by a change from a state connected with one 
integer to a State tonnetted with another. This would ba 
explained if the orbit of the electron wert not just any orbit 
possible on Newtonian principles, but only an orbit connected 
with an integral “quantum number "—i.4. with a multiple 
ol a, 

Tio way in which Bobr echieyad a theory on these Tinea is as 
follows. He sopposed thal the electron can only revolve 
road ihe omcleus in certain circles, these being smch that, if 
P is the moment of momentum in any orbit, we shall have: 

Sepuak ....... bhRee aaa «(2h 
where 434, a5 abrays, Planck's constant, anda is a small whole 


Botdbe:, [In fheary # might be any whols nomber, bat in 
| 
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practice it is never found to be much Marget than jo, and that 
only in certaim very tenuous nebule.} The reason why the 
qvantem primcipfe masunoss past this form will be explained 
prenthy, 

Now ifm is the ovass of the electron, 9 the radius of its orbit, 
and its angotar velocity, we have: 

f= man, 

Hence gemaheome wwe. EU 
Bot, on grounds of the usual theory, since the radiad accelera- 
tion of the electron 15 ae* and the foree attracting it 1 the 
Ruckeuy ia etal we have: 


Whe — oF fet, 
Ta,’ mata ee. 
From eqnations (3) and [q) we obtain: 
nat Barnet 
Om anime he Perr 10 


The possible orbitg for the clectron are obtained by putting 
ae 1, 2,3, 4, --. in the above formule jor a. Thos the 
smallest possible arbit is: 

fhe 
= amma? revere AEDT 
aod the other possible arbits are 4a,, Gay. Tih, otc. 

For the evergy in an orbit of radiue a 4, we heve, since the 
Potential energy 46 double the kinetic energy with its sign 
changed :* _ 

Po 
Wis — amativtn — “i 

In virtue of (9). Thus when the election fall pom an orbit 
whee radius le &"2, to one Whose tadigs is b"2, (tn), there 
is a lows of enetgy: 

melee rr oUF 

wa ~h) “ 

BO Soe Sete Airis Heche ost Shectral fines, po gy 
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Tt is axtitoed that this emery is radiated out in @ light- 
wave whete eneTEy 1a ane quantum of enerey Ae, where + 
isitetrequency. Hence wt obtain the frequency of the emitted 
Light by the equation: 

aphas’ *r O24 
tee Nae “ab: 
. awtee ¢ ro 
te = (i “Bay: 
This agrees exactly with the ofgerved lines if [pea 
equation [I)]: 


whore Fois Kydberg'’s constant. Om insetting nomerical 
values, it is found that this equation is verified, This striking 
success was, fron the first, a powerful argument in favour of 
Bohr's theory. 

Kobe's theory has been generalized by Wilson * and Sommer- 
feld 50 as toallow also elliptic orbits: these have bwo qaantum 
numbers, one Cotetpondiog, a before, to angular momentin 
of the moment of momentam (which ig constant, by Kepler's 
second law), the other depending upon the eceentriaity, Only 
certam eccentricities are possible: in fact, the matic of the 
Tainer to the major exis is always rational, and bas os its 
denommator the quantom nomber conmespooding to the 
moment cohtmomentum. In order to explain tht Zeeman afiect 
(which arses in & magnetic felt) we used a third qnantom 
number, correct ponding to the angle bebwe)en the plane of the 
Enagnetic Gel) end the plane of the electron’s orbit, In all 
tases, however, there is a general principle, which must now 
be explained. This will show, also, why, io Bohbr's theory, 
the quantim equation (a) takes the form it doe.t 
Puls Mag Tone 1915 Theory of Kedistion sad Ling Species 
ado ic Ste rte 2s ere 
adition by Hinhry L. Hirose, WA. 1935. See alee Note g (pp. sar B.). 
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The frst thing te cbterte is that the quantum principle is 
really coacemed with atecs cf acho, not of avert! action is 
energy multiplied by time. Suppose now that we have esystem 
depending ipon several c-oniinates, and periodic in respect 
of each. [tis oot Deceseary to sappede that cach co-ordinate 
bas the same period: it i only necetsary to sappoe that the 
system ig “ conditionally periodic ''—i,p, that each co-ordinate 
separately it perindic. ‘We roost further assume that oor on- 
erdingies are so chosen as to allow " seperation of variables "' 
fas to which, see Saomerfeld, of. o., pp. 450-60). We then 
@efine the “ momentum ” (in & generalized sense) associated 
with the cocrtdhnate ¢, a4 the partial differential of the lonctic 
entrey with respect to d,—is. calling the generalized 
momentitn 4, We put: 

°F, 4 
where 3... ia the kinetic energy. The quantum condition is 
to apply to the integral ef 4 over a complete period of ¢,— 


ie. we are to heave: 


| tena, 


where Ute integration © taken Lhrengh one complete period 
olg, Here nm, will be the quantum nomber associated with 
the co-ordinate. Theabove is a general formula of which all 
known cage, of quanti phenomens ere special cages, This 
is ita pole justification. 

The above princrple ia exceedingh complicated—more ¢o, 
ever, than it appears in our summary account, which has 
omitted varions difficulties, 1t is poasible that its complica 
tion may be dhot 10 the fact that quantam dynamics bas had 
to force iis way through the obstacks which the clanical 
system put iat its way; it is possible also that quantum phono 
mama may ttt out to be deducible item classical principtes, 
But before pureuing this dine of thought, it may be well te say 
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& few words about the developments of Bohes theory by 
Sommerfeld amd others. 

Tn its original form, in which circolar ochits were ssgamed, 
Boht's theory accounted for the main facts concerning the 
line spectra of hydrogen and ionized belium. But there were 
a number of more delicate facts which fequired the bypo 
thesis of elliptic orbits: with this hypothesis, together with 
some niceties derived from relativity, the most minote agres- 
morht has been abtamed between thency and observation. 
But perhaps this great goccess hay made people think that more 
waa proved than really was proved. The great advantage 
obtained from admitting elliptic orbits is that they provide 
asecond quantom number. In the emission of light by atoms, 
whal we have is eqentially a9 follows. The atom is capable 
of Various states, characterized by whole mambers (the quantum 
numbers), There may be more or fewer quantum numbers, 
aceording to the degrees of freedom of the aystem. The Ios 
or pain of caerey when an atom passes from a stata character- 
toed by one sat of values of tha quactom nymbers to 4 state 
characterized by another eet isp known. §=When energy is boat 
(without the Inés of an electron oF of any part of the nuckemns of 
the atom), it passes out as a light-wave, whose onerey is equal 
to what the atom has lost, and whose energy moltiplied by 
tha time of one vibration is A. Enetgy is what is conserved, 
But action is what if quantized. 

Let us cevert, in (duatration, to the circular orbita of Bohr's 
Oigutal theory, which remain possible, though not universal, 
in the newer thoory. If we call £,.. the kinetic energy when 
the electron is im the ematleet possible orbit, the kinetic 


energy in the w® orbit is “SH, {ihe measore of the total 


eoergy ik the kinetic anergy with ite sign changed) Wa do 
fet now what determines the electron to jump fram poe orbit 
t¢ another; on this point, ow knowledge ia merely statistical, 
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We know, of course, that when the ateto is not in 2 position 
to absorb energy the electron can only jornp from a larger to 
a ochit, while the converse jump ofcors when the 
atom abearbs enmrgy from incident light. We know also, 
from the otmparative intensities of different lines in the 
apectrum, the comparative frequencies of differmt possible 
jumps, and on this subject a theory exists. Bot we de not 
know in the least why, of a onmber of stone whose electron 
are not jo animum ofhits, some jump at one time and some 
at another, just as we do not know why some atoms of radia 
active substances break down while others do mot. Nature 
seerns t0 be fall of revolutionary occurrences ay to which we 
van say that, if they take place, they will be of one of several 
podstble kinds, but we cannot say that they will bake place at 
al, of, af they will, at what time. So for as quantum theory 
cin Sy at present, atoms might as well be possessed of free 
will, limited, however, to one of several possibke: choice.* 
However this may be, it ia clear that what we know is the 
changes of energy when an atom emits light, and we know that 
in the case of bydrogen of ionized belium these changes are 


measured by a - iw H seems almost unavoidable te infer 


that the previous state ef the alom was characterized by tie 
integer & and the later one by the integer a. But Lo assume 
ovbits and so on, thongh proper as a help to the imagination, 
is hardly mifficiently justified by the analogy of large-scale 
peocneses, since the quantim prinaple itself shows the danger 
ef relying wpen this analogy. In large-tcake occurrences 
there is nothing to suggest the quantum, and perhaps other 
familiar features of soch occutrences may result merely fromm 
statistical averaging. 

* Thi, bowen, bb ie probably a tampariry rtate 
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Tt may be worth while to oonsider briefly the elliptical 
obits which are poesitle.* This will alas iitustrate the appli- 
cation of the gaantim principle to ayatenn with more thad one 
co-ordinate. 

Taking polar co-ordinates, the kinetic energy is: 


desir? pent. A 
The ben generalized moments ate therefore: % 
foes, £.— mi. T 
We have thus two quactum conditions: an 
and Jj zens cA 


(tae 
By Kepler's second law, ar’ is constant; callit ¢. Thus: 
Bape hh, 
The other integration i racré Lroublesane, but we arrive at 
the result that, if a and 4 are the major acd minor aves of the 
ellipse, a-6 #, 


A little farther calculation leads to the result that the oeergey 
in the orbit which bas the quantom numbers av, a" is: 


are _i. 
faa 


This jp exactly the same asin the case of circular orbits, eacept 
that a+! eeplaces . Tf this were all, the line apectrum of 
hydrogen would be exactly the same whether elliptic orbits 
aettured or pot, and there would be mo empirical meang of 
deciding the question. 

However, by introducing considerations derived from the 
special theory of relativity we are able to distinguish brtwnen 
the results to be expected fram circotar and elliptic orbits 

4 Seq Sonumerield, op. ci. pp. 332 E. 
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respectively, and to show Ehat the latter most cocur tp accopnt 
for observed facts. The crucal point 34 the vastiatioe of mass 
with velocity: the faster a body is moving, the greater is its 
mas, Therefore in an elliptic orbit the electron will bave a 
greater mass at the peribelion than at the ephelion. From 
this it is found to follow that an alliptic orbit will mot be 
accurately elliptic, but that the perihelion will advance 
slightly with exch revolution." That is to say, taking polar 
coordinates x, 6, the co-grdimate @ increases by slightly more 
than ae between one minimum of rand the next. The system 
is thus “conditionally periodic "—4.e. cach separate oo 
ordinate changes periodically, but the perieds of the two do 


nat coincide, The resaltt is that the equation 77 os” is 


d a 
replaced by: 


a-t fF 
a” 
co 
where Ylol- coe 


¢ being the velocity of light, and », as before, the angular 
fitmcotum. Jt will be seco that y is very nearly 1, because 
is Large. 

The formula for the cnergy associated with the quantut 
nrititbers #, 8° pow becomes moch moe complicated: its great 
merit is that it atcounls fer the fine structare of the hydrogen 
line spectriut, Ft most be felt that this minuteness of agree- 
ment beter: theacy and oberrvation is very remarkable, 
Bot it ie atill the case that the ooly empirical evidence concerns 
differences af energy in connection with different qaanlam 
numbers, and that the theory of actual orbits, proceeding, 
during steady motion, according to Newtonian ponctpkes, 
mdst inevitably remain a hypothesis—a hypothesis which, 


* Thi i oot the aoe posoomenoo es in the cae of the orblt of 
Matcury. The latter deptnds upon the pieced sory of roletivity, 
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as we shal see, bay disappeared from the latest form of the 
quantum theory. 

The fact of the existence of the qoantum is es strange as it 
is endeniable, woless gt sboold tur oot te be deducible from 
classical principles. It sens to Ge the case that quantum 
principles regulate all interchange of coergy between matter 
and the aurrounding medium. There are grave difficulties 
in recoociling the quantem theory with the undulatory theory 
al light, but we shall oot consider these until a later stage. 
What is mach to be wished is seme way of fonmulating the 
quantita ponciple which shall be leas strange and ad Are 
than that due to Wilson and Sommereld. For practical por- 
poss, it amounts to something Like this: that a penodic 
process of frequency e has an amount of energy which is a 
mcttiple of ay, and, conversely, if ¢ elven amount of energy is 
expended in starting a periodic process, it will start a process 
with a frequency s such thal the given amount of energy shall 
be ainultiple of Ay. When a process bag a frequency y and an 
energy fe, the amount of ‘' action" dating ane period ia A. 
But we cannot aay: In any periodic process the amount of 
action hi ome period is 4 or 4 multiple of A. Nevertheless, 
some frites analagens to this might jn time tum out 
tobe possible, As has appeared from the theory of relativity, 
“action “ia mote fundamental than energy in physical theory; 
it ia therefore perhaps oot surprising that action showld be 
found to play an important pert. Brat the whole theory of the 
interaction of matter and the sureoinding medium, at prevent, 
Tests gpen the coneervation of energy. Perhaps a theory 
Siving more prominence bo action oy be posible, and may 
facilitate a simpler statement of the quantam principle. 

in Bobr's theory and ite developments, rhere js a lacuna 
and there ja a difficulty, The lacona hag already been men- 
Hogad: we do oot know in the least why an electron choses 
One moment rather than auether to jump irom a lager to 2 
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smaller orbit: The difficolty is that the jump in usually 
regarded a2 sudden and discontinnous: it i suggested 
that Hf it were continidots, the experimental facts in the 
fegions concemed would become inexplicable. Possibly 
this difficulty may Be overcome, and it may be found that 
the trangition from one orbit to another can be continuons. 
Bot it i 49 well to consider the other possibility, that the 
trangition ja really discontinuous, T have emphasized how 
litth we really cag about what goes on in the atom, beacause 
I wished to keep open the possibility of something quite dif- 
ferent from what is usually supposed. Have we any good 
reason for thinking that space-time is contintous? Do we 
loner that, between ons orbit and the next, other orbils are 
geomerically possible ¢ Einstein has led og te think that the 
neighbourhood of matter makes space non-Emclidean ; might i 
not also make it discontinuous? [tis certainly rash to assume 
that the minute strooctive of che world resembles that which 
is found to sit largt-scaie phenomena, which may be only 
Slatistical averages. These considertions omy gerve 239 an 
introduction te the moat modern theory of quantum mechanics, 
to which we must now tum our attention.* 

In the new theory logggurated by Heisenberg, we no longer 
have the simplicity of the Rutherford-Bohr atom, in which 
electrons revolve about a nuckus like separate planats. 


@ ‘The principal papers petting forth Ehds they ace; 
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Heisenberg points ont that in this theory there are many 
quantities which are not even theoretically observable— 
namely, those representing proceseet supposed to be oottittimg 
while the atom is ijn steady state, In the mew theory, as 
Dirac seyg: “The variatle quantitles associated with 2 
stationary state on Bobr's theory, tha amplitudey and fre- 
gacnces of orbital motion, have oo physical meaning and are 
of no physical importance" (4. p. 652}. Haisenberg, in fat 
introducing his theory, poiated aut that the ordinary qeantam 
theory meq unchyervable quantities, such a9 the position and 
time of revelation of an electron (1, p. &7g). and that the 
Blectron ought to be represented by measurable quantities 
auch 2s the frequencies of its radiation (1, p. $e), Now the 
observable frequencica arc abyays differciices between twa 
" berms,” each of which is represented by an integer. We 
thus arrive at a represtnlation of the state of an atom by 
moraos Of an infinite array of numbers—iu. by a matrix. 
Tf FT, and YL are bro “ terms," an obyervahle frequency [in 
theony) i eg, Where: 
t= TL -T,. 

Tt is soch numbers a9 ve, fof which thera is a deably infinite 
series) that characterize the atom, 50 fer as it is observable. 

Heisenberg sets out this view as follows (4, p. GAs}. In the 
classical theory, given an electron with one degree of [teedotm, 
in Rarmonle oscillation, the sfongation « at time Ff can be 
Topregented by @ Fourier series: 


xera(, et atfri),.atetelm bed, 
Whee «in a comtant adc ig the pombe af the harmonic. 
The single terms of this sexjes, namely: 
we(n} arin, 


Would contain the quantities which have been yignelized 25 
directly obgervable—namely, Gequency, aoplitude, aod phase. 
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Bat m virtve of the fact that, in atoms, frequencias are Found 
to be the differences of " terns,” we shall have to replace the 
above by: 
lena )etetetemhe - 

and the collection (pot the sum) of such terms represents what 
was formerly the elongation z. The som of alf these terms 
has no longer any physical significance. Thue the atom comes 
to be represented by the nomber [m), arranged in an 
infinite rectangle of '' matrix.” 

It in possible to construct an algebra of matrices, which 
differs formally from ordinary algebra in only one respect, 
namely, thet multiplication is not commutative, 

A new operation is defined which, when the quantum 
pulnbers become iarge, approximates to differentiation. By 
wsing this operation, Hamilton's equations of motion can be 
preerved in a form which is applicable equally to pericdic 
and lo wapericdic ruptlons, #0 that it ao longer necessary 
to distingnish a certain sphere of quantum phenomena, ta 
which different laws ar applied from those applied ta the 
Phenomena amenable to classical dynatnics: “A distinction 
between “quantized " and * unqaantized * motions loves ail 
minaging in this theery, since in it there is no question of a 
quantion comdiition which selects certain motions from a great 
nuzober of possible ones; in place of this comdilion appears a 
quantum-mecbanical fundamental equation .,- which is valid 
for af possible motions, amd] ig meregsary in order to give a 
definite meaning to the problem of mation” {s, p. 498). The 
fundamental equation alinded te in the above is as follon: 
Let ¢ be a Hamiltonian coordinate, and » the corresponding 
(generalized) momestum, both being matrices. It will be 
remembered that multiplication is tek commutative for 
matrices: in fact, we have a3 the fundamental equation in 
qpestion (2, Dp. Syz}: k 
Py- dhe ol 
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where I Tepresents the matria whese diagonal consists of 
rs, and whose other terms are all sero. §9= The above is the sok 
fondamenta] equation containing 4 [Planck's constant), and 
it is tine for ali motions. 

Heisenberg does uct claim that the dew theory selves all 
difieultie: On the contrary, he says (5, p. poa}: 

"The theory here described must be regarded as still in- 
complete. The real geometrica] of kineraticn] meaniig of the 
fundamental asmumption (§)* hag not yet been made com- 
pletely clear. fo particular, there 16 a serious difflentiy in the 
fact Ehat the time apparentiy has 3 different mile from the 
space co-ordinates, and js formally diflerent]y treated. The 
formal character of the time co-ordinate in the mathematjcal 
atructore of the theary 14 made particularly evident by thea 
fact that in the theary hitherte the question of the temporal 
court of a proces bag no immediate meaning, and that the 
cogcapt of earlier and later can hardly be defined exactly. 
Nevertheless, we need not comsider these dificnlties a2 an objec: 
tion to the thoeery, since the appearance al just each difficoltins 
was to be exptcted from the natute of the space-time relations 
that hold for atomic syatem."" 

In a more or fess popular exposition (i), Haisenberp has set 
forth some of the consequences of his theory. Electrons and 
atom, he says, de not have“ the degroc of immediate reabty 
af objects of senée,"” but only the gort of reality which ote 
naturally ascribes to light quanta, The troubles of the quan- 
tum theory have come, be thinks, from trying to make 
models of atoma and picture them asm ocdinary space. Ti 
We are to retain the oorpiscular theory, we con only do it by 
Dok assigning @ definite point of space at each time to the 
electroacretom, We substitnte a well-defined physical group 
of gaantities which cepresent what wa the place of the electron, 


© Fle de the eetomptien, cuentioned above, thak ao ate of electoon 
at Bite f con be represented ine a collection af termy af the form ; 


atwniyet made 
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They are the observable midiation quantities, tach of which 
lg asaociated with two " terms," so that wa obtain a matrix. 
The dishnction af joper and ooter olectrons in sn atom becomes 
meaningless, “It is, moreover, in poncple impeesihkl: to 
identify again a paerbeular corpuscle among a series of similar 
corpmacies * {p. 9933. 

The matrix theary of the electron is too new to be amenable, 
as yet, to the kind of logical! analysis which it ig our purpose 
to Undertake jn this Part, It ia clear, however, that it affects 
a scientific ecomomy by substituting for the merely hype 
theticel steady motions of Bohe's atoms a set of quantities 
Tepresenting what we really koow—namely, the radintions that 
come out of the region in which the atom is supposed to be, 
It is clear, algo, that there is an tmpuense Ingical progress in 
the construction of a dynamic which destroys the distinction 
between quantized and unqoantited motions, goad beats all 
motions by means of 4 prifarm set of principles. And the 
@fester abetractmess of the Heisenberg atom a9 compared with 
the Bobr atom makes it logically preferatle, since the pictorial 
elements in a physical theory are those upon which least 
reliance can be placed. 

AN appercotly different qaantom theory, due to de Broglie” 
aid Schridinger,t has been found to be formally the 
samt as Hevinger’s theory, although at frst sight vory 
different. This is degenbed By de Broglie as “the new 
wave theory of matter,” in which "ihe material pont 
in conceived as a singularity in a wuve."{ Here, also, the 
radiations which wet think of a3 coming oot of the atam have 
more physical “ reality than the atom iteelf, Ome of the 
metite of the theory is that it dinminiabes the difficnities hitherto 
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existing in the way ef a reconciliation of the facts of interfer- 
ence and dispersion with the facts which led to the hypothesis 
of light quanta. 

Megewhile, there remains the peotitdlity that all the 
quantim phenomena may be deducible from classical prin- 
ciples, and that the apparmt discontinulties may be only a 
question cf shacp maxima or minima, The most soccessful 
theory known to mit on these lines ia thatoi LL. ¥. King.* He 
assumed that electrons rotate with a certain fixed angular 
velocity, the same fer all: he makes 2 similar weumption as 
regards protons, Consequently there ig q magretic fell 
Which introduces conditions that are absent if electrons and 
protons have ne spin. There will bs electromagnetic radiation 
of irequency yr, where: 

hece fro", 

A being Flanck’s constant, m, the invariant mag of the 
electron, and 2 its velocity. (The identity of A with Planck's 
constant is ¢btained by adjosting the hypothetical constants.) 
From this fonmula be deduces many of the phenomena upon 
which the quantum theory is based, aod promises to deduce 
atheré in a later paper. Ao artick by Mr ER. H. Fowler 
(Spinning Electrons,” Nature, Jan. 15, 1927) discusses 
Mr King’s theory without arriving at a verdict fer or 
against. Presumably it will not be long before a definite 
anmwer aa to the adequacy of Mr King's theory is 
possible. Té jt is adequate, the quantum theory ceases 
ta concorm tha philosopher, since what remains valid jn 
it Becomes a deduction fom mort fundamental laws and 
processes which afe continuous and involve op ginmicity of 
aetion. For the moment, until the physicists have arrived 
at a decision, the philegopher muat be content to investigate 
both hypotheses impartially. 
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CHAPTER ¥ 
THE SPECIAL THECRY OF RELATIVITY 


TEE theory of relativity has resalied from a combination of 
the three elements which were called for in @ reconstruction of 
poysics: Grit, delicate experiment; secommily, logical analysis; 
are) thirdly, epistemological considerations. Thest last payed 
a gteater part ip the carly stages of the theory than in its 
finished form, and perhaps this is fortunate, since their scope 
and validity may be open lo question, of at least would be 
Bot for the successes to which they have led. Ge may say, 
broadly, that relativity, like carlier physics, bas assnmed 
that when different observers afe doing what is called 
“observing the same phenomenon,” those respects in which 
their observations differ do net belong to the phenomenon, 
but only those respects in which theit observabons agree. 
This is a priocdple which common senst teaches at an carky 
ago. A young child, seeing a ship sailing away, thinks that the 
ship is continmally growing smaller; bot before long he comes 
to recognize that the diminution in size is only “ apparent,” 
and that the abip*' really“ remains of the same size throngh- 
out ite voyage. In so far as relativity has been inspired by 
epistemological conedermtions, they have been of this pommon- 
sent kil, and the apparent paredexts have resulted irom 
the dkeovery of unexpected diflerences betwrctn oir observa- 
then amd those of other bypethetical obsctvers. FRelntvity 
phrsics, Like af) physics, assumes the realatic hypothesis, 
that there are cccurrences which different people can observe. 
Fort the present, We may ignore epistemology, and protend 10 
consider relativity smuply as theacetical phyaics. We may also 
ignore the experimental evidence, and ttgard the whale theory 
44 
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as 4 deductive syitem, since that is the point of view with 
which we are comcemed in Part 1. 

The mcet remarkable feature of the theory of relativity, 
from & philosopher's standpoint, was alrsady present m the 
special theory: Dean the merging ofspace and time into space- 
time. Thespecial theory has now become only an approxima- 
tion, which is not exactly true in the neighboorhood of matter. 
Bat 1b remaguna worth understanding, as & stage towards the 
general theory. Moceover, it does nat demand the abandon- 
Toent of nearly such a latge proportion of our common-sonse 
Trotjons 45 ig discarded by the general theary, 

Technically, the whole of the special theory is contained 
in the Lorentz transformation. This iracsfarcoation has the 
advantage that ic makes the velocity of light the same with 
respect bo airy two bodies which ace moving uniltrmmly rela- 
tively to epch other, and, more generally, that it makes the 
lava of electromagnetic phenomens (Maxwell's equations) 
the same with respect lo any Gvusuch bodies, It was for the 
sake of this advactage that it was originally introduced; but 
it was afterwards found te have wider bearings and a morc 
general justification, In fact, it may be said that, given soth- 
cient logical peumen, jt coukd have been discovered at any 
time after it was known that Light is not propagated instan- 
tancoush %It has grown by this time very familiar—so 
familiar that I have even seen it quoted (quite correctly) in 
@n advertisement of Formum and Mason's. Nevertheless, 
it is, T suppose, desirable to ect it forth. Th its simplest form 
it 1s a9 follows: 

Soppose two bodios, one of which (5°) is moving relatively 
to the other (5) with velocity ¢ paralicl to the s-axis. Suppose 
that an cbterver on 5 observes an event which he jodges to 
have taken place at time #, by bis clocks, and in the place whose 
qoirdinates, for him, are zs, y, 2. (Each cbeeryer takes him- 
seliias ctigin.) Suppeee that an observer on 5° jodges that the 
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event oorors at time /* and that its co-ordinates are x", 4", 2". 
We suppose that st the time when fog the two olseryery 
are at the same place, ond alan foo. Tt would formerhy 
have seemed gxinmatic that we should bave Jmi’. Both 
Obeervert aft suppoted to employ faultless chronometer, 
and, of conrse, to aliow for the velocity of light in estimating 
the time when the event occas. it would be thought, there 
fore, that they would arrive at the same estinvate o4 to the time 
af the oecutrence, Tt would also have Been thought that we 
showld have: 


x'="-— ul. 


Neither of thage, however, is correct. To obtain the correct 


toinsiormation, pot: , 


fet 
where cis, a5 abways, the velocity of light. Then: 
x = f(x = vf] 


em p(e-") } cea teeee cece sell, 


For the other co-ordinates 4", 3", we still have, a5 before: 

yay, Pon 
It is the formole for" and" that are peculiar. ‘These fommole 
contain, implicitly, the whole of the special Uheory of relativity. 

The formula for *° embodies the FitzGerald contraction. 

Lengths on either body, a3 estimated by an observer on the 
ether, will be shorter than a9 estimated by an observer on the 
body on which the lengths are: the longer length will have to 
the shorter the ratio #. Mote interesting, howsver, is the 
effect at regards time. Suppose that an observer on the body 
§ judges two eventaat 2, and #, te be simultaneous, and beth at 
time) Then an observer on 5° will judge that they cecur at 
times 7," ¢,. whore: ; 

sna-¥) 


wnat). 
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erefore : 
_aPla— Fal) 


This is ret poo bless = 4) thus in general events which are 
simoltencdis for coe obétyer aft not simgltiqnecny for the 
other, We cannot therefore tegard space and time as inde- 
pendent, 25 has abrays been done in the past. Even the otder 
of events in time is got definite: io one system of co-ordinains 
an event A may preaede an event G, while in another B may 
precede A. This, however, is only possible if the events are 
so separaled that, no matter how we choose oor co-ordinates, 
light starting from either could not reach the place of the other 
Until after the other had occurred. 
The Lorentz transformation yields the result thal: 
ce he cE 8, 
Since y =} and 5 ==", we have: 
ent — fot yh pp cel [xd ty tp: 
or, potting ¢, of fot the distances of the event from the two 
observers: 
ek ed Fd 
This reault is general—i.c. given any two reference-bodles it 
unifonm celative motion, if ris the distance between pero events 
according tq one system, x" the distance according to the other, 
and if #, f° ave the corresponding time-intervels between the 
events, equation (a) Will sheays bold, Thuy ch! — 9! represents 
a physical quantity, independent uf the choice of co-ordinates; 
it i¢ called the square of the “interval” between the two 
events. There are two cages, according as it is positive or 
negative, When it ig positive, the interval between the events 
is called “ timelike "; when cegative, “ spacelike,” In the 
intécmoediate case to witch it is géro, the events ace such that 
one Jight-tay can be present at each. In this case, one event 
Might be the secing of the other. The time-order of tae events 
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Will be different in different reference-systems when their 
interval ie spacelike, but when it ia time-like the time-order 
is the sume in all ayslems, though the magnitude of the time- 
interval varies. 

When the interval between two events is time-like, it it 
possible for a body to move in such a way as to De present at 
both events. In that case, the interval is what clocks on thal 
bedy will show as the time. When the interval between two 
everits (5 space-like, it is possible for a body to move it sech @ 
may that. by its clocks, the two events will be simoltancons; 
in that case, the interval dé whal, in relation to tbat body, 
apptars as their distance. [In these remarks, we are taking 
the velocity of light a5 the ynit of velocity, which j3 convenient 
in relativity theory.) Both these are consequences of the 
Lorentz tranmsfommation. From the frst of them it follows 
that, if bo events both happen to me, the time between them 
as Incatured by my watch (assuming it to be a good watch) is 
the interval ° between them, ard has still a physical sipnit- 
cance, Thus the time that is concerned in poychology is un- 
affected by relativity, assuming that everything that peycho- 
logy is concermmed with happens, from @ physical polnt of view, 
in the body of the person whote menial events are being 
conidered. Thisis an assumption for which grounds will be 
given at # later stage. 

Tt follows fom the embignity cf simultansity between 
distant events that we cannet speak unambignoasly of ” the 
distance between two bodies at a given time.’ Ho the two 
boddins are in relative motion, a“ given time will ba different 
Jor the two bodics and differant aguin for other reference: 
bodies. It follows that soch a conception cannet enter into 
the correct statement of a physical law. On this ground alone, 
we can conclode thal the Newtonian form of the law of gravita- 
tion caneot be gaite right. Fortunately, Einstein has sopplied 
the meceggary correction, 
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Te will be observed that, a5 a consequence of the Lorants 
transformation, the mags of a body will net be the samn when 
it is in motion relatively to the reference-body on when it is at 
rest relatively to it. The mass of a body is inversely propor- 
tins] to the acceleration produced in it by a given force, and 
two yelprence-bodies in oniform relative motion will give 
diffarent results for the acceleration of a third body. This is 
obvious 65 & consequctice of the FiteGerald contraction. The 
Liat of oeuad With rapid motion was known experimentally 
before the epecial theory of relativity had explained it; it is 
very matked for velocities gach a3 those attained by f-particles 
(atertrons) emitted by cadic-active bodies, since these velocities 
may be a9 greet as gg per cent. of the velocity of light. This 
change cf mass, like the Fitefrerakt contraction, seemed 
itrange and anomalous ontil the special theory of relativity 
explained it. 

Ome more point is important as showing bow easily what 
fecms axiomatic may be falecs it concerns the composition of 
velocities, Suppose three bodies moving oniformly in the 
game direction: the velocity of the second relatively to the 
firat ig 2, that of the third relatively to the second isa, ‘What 
is the velocity of the third celatively to the frst? One would 
have thought it mast be wu +o, but in fact it is: 


It wall be geen that thia ¢ ¢; if omc or w—6, it is ¢, others 
it ig less than c. This is an ilostration of the way in which 
the velocty of light plays the part of infinity in relation to 

The special theory set itself the task of making the laws of 
Poysis the game relatively to any two co-ordinate systems in 
weiform rectilinear relative motion. There were tyro sets of 
equations to be considered: thaga of Newtonian dynamics, 
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and Maxwell's equations, The Intter are unaltered by a 
Lorentz transformation, but the former require certain adapta- 
tions. These, however, aré such 33 azperiments! reqylté had 
aiready suggested, Thos the sdlution of the problem in hand 
was complete, bot of conse it was obvious from the frst that 
the real problem waa more general, There could be no reason 
for confitting oorsélyet to fw co-ocdinate systems in uniform 
rectilinear motion; the preblem ought to be solved for any two 
eo-Hdiaate ayeteons, oo matter what the nature of thew tela- 
tive motion, ‘This is the prablem which has been yoived by 


the general theory of relativity. 


CHAPTER ¥I 
THE GENERAL THEORY GF RELATIVITY 


THE general theory of relativily has a much wider sweep than 
the special theory, and a greater philosophical interest, apart 
from the oor matter of the substitution of space-time (or space 
and time. The general theory demands an abandonment of 
al direct relations bebween distant avenis, the relations upoa 
which space-time depends bemg primarily confined to very 
ama! regions, and only extended, where they can be cntended, 
by means of integration. All the old apparatus of genmetry 
—straight lines, circles, ellipses, ¢it.—is pote. What beloogs 
to analysis sites remaiog, wilh certain Godifications; and 
there is a new geometry of geodesics, pwloch has come from 
Gauss's stody of guriaces by way of Hiemann’s inaugoral 
dissertation. Geometry and physics are no longer digtinct, 
30 long as we are not considering the parts of physics which 
introdece atomicity, such as électrogs, protons, and quanta. 
Perbaps even this exception may not long cemigin, There are 
parts of physics which, 50 far, lie outside the general thoory of 
relativily, but there are no parts of physics te which it is oot 
in some degree relevant. And its importance to philosophy 
a6 Perhaps even greater than its importanca to physics, It 
hos, of course, been seized upon by philosophers of different 
gchools as affording support fo their respective nosirums: 
St. Thomas, Kant, and Hegel are claimed to have anticipated 
it. But 14donet think that any of the philosophers who make 
these suggestions have taken the trouble to understand ths 
theory, For my part, ] do oot profess to know exacth what 
is philesophical comequences will prove to be, but [ am con 
wineed that they are far-reaching, and quite different om 
54 


at THE GENERAL THEORY OF RELATIVITY 


what they seem to philosophers whe are ignorant of mathe- 
Dretics. 

In the present chapter, L-wiah to panaider Einstein's theory 
without any regard to its philosophical implications, simply 09 
m logical ayetem. The system starts by assuming o four- 
dimensional manifold having a definite order. The form 
which this assumption takes is somewhat technical: it is 
axtinned that, when we have what mught be called an ordinary 
act of coordinates—<.g, Unose which would matorally be 
coiployed in Nepionian mtinonmy—there are certain tran 
formations of these co-ordinales which are legitimate, and 
certain others which are not. Thee which are legitimate are 
these which transform infinitesimal distances into infinitesimal 
distances. This meang to say that the transformations must 
be continmons. Perhaps what ig aasumed may be stated ag 
folows : Given a set of points p,, fy. py, 2. Whose co-ordinates 
teod towards a limiting set which is the co-ordinates of 6 
point #, then in any new kegitimate co-ordinate system those 
points foe Py... must Dave co-ordinates tending to a 
limiting st which is the coordinates of » in the new system. 
This means that certain relations of order among the oo 
ordinates represent properties of the poinis of apace-Lme, 
and are presopposed im the assignment of co-ordinates. The 
accurate statement of what is involved can only be made in 
term of Limits, bot the comtct meaning is conveyed by saying 
that neighbotirlng points must have neighhouring co-ordinates. 
The exact natuce of the ordinal presuppositions of a relativistic 
meHondinate ayetem will cocupy og in @ jater chapter; for 
the preacot I merely wieh to emphasize that the space-time 
maniioald, in the general theory af relativity, bas an order 
which is net arbitrary, and which is reproduced in any lagiti- 
mate to-crdinate system, Thuis otder, itis important to realize, 
8 purely ordinal, and does not invalve any metrical element. 
or is it derivable trom whe metrical relations of points 
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which are afterwards introduced in the theory—i.e. [rem 
" intervals,” 

The points of space-time have, of coorse, no duration a3 
well a4 0 Epatial extension. It is gensrally assnmed that 
aoveral events May occupy the same point; this is involved 
in the conception of the intersection of world-lines. I think 
it may algo be assumed that one event tay extend over a 
finite extent of space-time, bot on this point the theory 1s 
silent, so far as I know. I shall myself, in a later chapter, 
deal with the construction of points as eysteams of avents, 
cach cf which vents bas a finite extensiom: this is a subject 
which has been especially treated by Dr Whitehead, but I 
shall suggest a matthod somewhal diferent from his. So Jong 
ai we confine cursebyes to the theory of relativity, jt is mot 
nerenary to consider whether events have a finite extensioo, 
though I think jt is necessary to wssnme that tyro eveois may 
both oteupy the same point of space-time. Even oo this, 
however, there is a tettain vagocntts in the authoritative 
expositions, which i¢ due mainly to the large scale of the 
phenomena with whith the theon is principally concemed, 
Sometimes it would seem aa if the whole earth counted as a 
pent: certainly oné pliysical laboratory 406) 6c in the practice 
of writers on relativity. On oecasion, Professor Eddington 
comsiders an area of g #1G]" aquare kilometres to be an 
intiniteslinal of the second order. The fact that such a view 
is appropriate in discussions of relativity makes it unnecessary 
Lo be precise an to what is meant by saying tbat tee events 
eccupy the same point, or that hwo world-lines intersect, Far 
tha present [ shell assume thit this is posaibis in a strict sansa; 
my reasons will be given in @ later chapter, 

It is psammed that every point of space-time can bays four 
teal oombers assigned to it, and cooversely that any four real 
trambers (at any rate within certain limits) are the co-ordinates 
ofa pumt. This amounts to the assumption that the number 
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OF points is aM, where is the onmber of finite integers; 
that is to say, Lhe camber of points is the number of the 
Cantoran eotocum, Every class of a term is the field 
of various moltiple relations which arrange the class in » 
fouhmensional continwum—aor an emensional continowm, 
for that matty. But we require a little more than this. Of 
all the ways of arranging the paints of apace-time in a four- 
dimensions) contiougm, there js only ane that has physical 
significance; the others exist only for mathematical logic. 
That means that thar most be among points relations deri¥- 
able trom an emipinical basis, which peatrate & four-dimensional 
continubis, These will be the ordinal relations spoken of ip 
the last paragraph but onc. “We assume, therefore, that these 
ordinal relat penetale a continu, and that co-ordinates 
ave $0 assumed that neighbouring points have neighbouring 
coordinates. More exactly the co-ordinates of the limit of 
asct of points are the limits of the coordinates of the sect. 
This ts not a law of oatuce, bot a presenplion as to the manner 
io which co-ordinalts are attigned. It leaves great latitude, 
but not apnple latitude. JL allows any systeto of on 
ocdinates to be replaced by another system in which the new 
eeordingtes ama apy continogos functions of the old co- 
oodinates, but it excludes discontinuous functions. 

We pew assume that any two neighbouring points have a 
metrical relation, called theit " interval,” whose square is a 
quadratic function of the differences of their co-ordinates. 
This if & goneralization of the theorem of Pythagoras, which 
has come by way of Gauss and Kiemanmn. It will be worth 
while to consider the historical development foc a moment. 

By the theorem of Pythagoras, Uf lwe points in a plane bave 
co-ordinates (1. yi) (tg. Yul) ad 3 is their distance apart: 


teiay- a)", 
By an itumediately obvious extengjon, if two points in apace 
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have co-ordinabes (34. 74). (ta Ya. 74). their distancn apart 
iss, where: 
SMS (y= 7 +f ya Fa)? + ey — Bh 
if the dislance apart is small, we write dx, dy, dz for ay— 3, 
Fan Vi ty — 2, aed ds fore; those: 
yt — det tte ake, 
Gauss considered a problem concermed with surfaces, which 
avises naturally gut of the above. On a surface, ike position 
of a point can be fixed by two co-ordinates, which ored tot 
involve fefetence ta anything outside the surface, Thus on 
the earth position ie fixed by latitude and longitude. Suppor 
‘and t are two such coordimates which fx pesition on a 
suriage. Then in peocral we shail mot have: 
Sot dee pat 
for the distance between neighbooring points; in general, we 
cannot get a formale of this kind bowever we may define 
a#and 7. We can get a formula of this kind on a cylinder or 
a cone, aod generally oc what ate called ' developable 
surfaces, but nok ag. of m sphere, The geosral formula 
takes the shape: 
f= Fie oF dedy +o er, 

where £, F, > arein general functions of 4 and t, not constants. 
Gauss showed that there are certain function of FE, Fo which 
have the game value however the co-ordinates w and t may be 
defined; these functions express properties ef the surface, 
which can theoretically be discovered Dy measurements carted 
out on the surface, without reference to external space. 

Foemann extended this method te space. He supposed that 
the theorem of Pythagoras may be mot exact, and that the 
correct formula for the distance between iwe points may be 
sich pa reaulis from Gaose's formule by adding ancther 
wariabk. He showed that this soppoution coukl be made 
the bass of non-Eyclidsan geometry, The whole subject of 
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no0-Puclidaan geometoy remained, however, without visible 
relevance to physica until it was utili) in Einstein's theory of 
gravitation, which regults from the combination of Hiemann'y 
ideas with the substitution of space-tima “ interval" for dis- 
tance in space and time, which had already been mads in the 
special theory of relativity. 

To the special theory of relativity, a5 we saw, the interval 
between two space-time points, one of which is the origin, 
ia 3, where: 

plac gh pyt at yh 
if the interval is space-like, and: 


Bo ch — xP yt — 27, 


if the interval is time-like, In practice, the latter form is 
always taken, Augy system of coordinates allowed by the 
special theory gives the sate value for the interval betwcen 
two giver space-time points. Hot we sre now aflowing much 
Aréater latitede io the choice of coordinates, and we are 
ascuming that ihe special theory presents only an approxima- 
tion, being tok strictly trus cacapet in the absence of a geavita- 
tional field, ‘We still asseme that, for small distances, there 
is a geadratic function of the co-ardinate differences which 
has a physical significance, and has the sare value however 
the co-ordinates may be asiened, subject to the condition of 
contjnujty already explained, That is, iD 4,, 5, 3.4, are the 
ecordinates of a point, and 4, +x, +, +4%,, 5, they, 2, +42, 
are the co-ordinates of a neighbouring point, we assume that 
there is a quadratic ipmetion: 
Tels dx, (ye i, B34, 

which has the same valoe however the co-ordinates may be 
amigoed; we then define da aS the" interve) " between phe 
two neighbouring points. The gu's will be functions of the 
eHondingtes (in general oof consiants}, and for convenience 
we take p= fy. Just as Gauy was able to deduce the 
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gconmmettry of a surfare irom his formula, s9 we can deduce tho 
geometry of space-time irom gor foros. But as we inclode 
time, cur geometry is not meroly grometry, bot physics: in 
other words, it combines history with geography. 

At & great distance from matter, the special theory will 
still be true, and therefore space will be Eeclidesn, since, if 
we put dfteo, the special theory gives thea Euclidean formmla 
for distance, The neighbourhood cf gravitating matter 12 
shown by a non-Euclidean character of the region concerned. 
This, however, requires some peeliminary explanations, more 
easpecially an explanation of the method of tensors, which will 
form the subject of the next chapter. 

Everythiog in the general theory of relativity ia depenctont 
mpoo the existence of the above foomula foc ds") The formula 
it sal ie of the mature of an empirical generalization: no & priors 
jistiication for it ig suggested. It is a generalization of the 
theerem of Pythagoras, which could formerly be proved. 
Bot the proof rested upon Euclid’y axjoma, which thers is oo 
reason to tegard as exactly troe, Mare than that, ther is 
difficulty in assigning a meaning to his fondamental concepta, 
such a5 the “straight '' Ime. The old grametry assumed a 
static apace, which f could do bechuse space and time were 
supposed to be separable, [tis matoral to think of motion an 
following a path in space which is there before and after the 
ovition: a tram moves along pre-existing tram-lines. This 
Wiew of raction, however, iang longer tenable, A moving point 
is & S¢Tite of potitions in epacct-time; a later moving point 
CANNOT potsue the “ saune ” soirée, since its thos co-ordinate 
is Giferent, which sears that, in another equally legitimate 
system of co-ordinates, ity space co-ordinetes also will be dij- 
ferent. We think of & tram as performing the same journey 
every day, becauss we think of the earth as fed; but from 
the sun's point of view, the fram never repeats a former 
journey, "We cannot step twice inte ihe same river,” £4 
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Heraclitus says. It is thos obvious that, in place of Euclid's 
stathe straagght Line, we shall have to mabatitute a movement 
having sme epecial property defined in terms of space-time, 
Bot of space, The movement required is a“ geodesic,” con 
coming which we shal} have mote ta say later. 

In relativity theory, distant spacetioe points have only 
such relations a3 can be obtained by integration from the 
relations of neighbouring points, Since the distance between 
two polots is always finite, what we call a relation between 
ntighboorog points is not peally & relation between points at 
all, bot i3 o jimét, Tike = velocity. ‘Only the language of the 
calewhas car express accurately what is meant. One might 
aay, speaking pictorialty, that the motion of “ interval is 
contermed with what, at each point, is ddreg to happen, 
although we cannot say that this will actually happen, because 
before any atsigned point is reached something may have 
neritned to cause a diversion. This is, of course, the case with 
velocity. From the fact that, at a given instant, a body is 
TaCving in a given direction with a piven velocity, wo can 
infer nothing whatever as to where the beady will be at another 
asigoed instant, however neat ta the frat. To infer the path 
ofa body from jts velocity, we must know ity velocity through- 
out 3 finite time. Simikedy the dorama for interval char- 
actetions tach separate point of spacetime. To obtain the 
interval bebween one point and another, however near 
together, we must specify a route, and integrate mlong that 
rooke. Ag we shall se¢, however, there art routes whieh may 
be called " natoral “—namely, geodesics. It is only by means 
af them that the notion of interval cax be profitably extended 
to the relations of points at a Bnite distance from each other. 


CHAPTER VII 
THE METHOO OF TENSORS 


Tae method of tentors contains the aneéwer to a question 
which 1s rendered urgent by the arbitrary character of our co 
ordinates. How can we know whether a formula expressed 
in terms cE our co-ordinates expresses something which 
describes the physical occurrences, and not merely the 
particular co-ordinate system wich we happen to be employ 
ing? A striking example of the mistakes that are possible 
in this respect is afforded by simultaneity. Suppo we have 
two events, whose co-ordinates, in the system we are employ- 
ing, are (4, 402, feand (24, 2. ie. their time co-ordinales 
are the same. Before the special theory of relativity ovcry- 
body wonkd have agerted that this represented a physical 
facl about the two evenis-namely, that they are simol- 
taneous, Now we know that the iact concemed 15 one which 
alse involves mention of the coordinate 6y8tem—that is to 
aay, it 16 not a relation Detween the two events only, but 
hetween them and the bexly of reference. But this js to speak 
the language Of the special theory. In the general theory, 
our cosdinates may have nc important physical significance, 
atid a par of events whick have ont co-ordinate identical 
need not have any intrinsic physical property not possessed 
by other pairs of events. [fn practice, there must be some 
Principle on which co-ordinates are assigned, and this principle 
must have some physical significance, But we might, fcr 
instaties, Measure Lime by the worst clock ever made, provided 
it only wim wrong and did aot actoally stop. And we might 
us6 a onftain worm as our unit of length, disregarding the 
" Fitetrorakl contraction" ta which motion subjects him. 
In that case, if we say that there was unit distance between 
By 
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tro events which both occured at 4 certain instant, we 
ahall be oiaking & complicated comparisen betenan the events, 
a bad clock, and a certain #ocm-—that if to say, we shall be 
making 8 statement which depends opon our ct-ord)nute 
ayster, We want to discover a sufficient, if not necessary, 
condition which, if folfiled, insures that = statement in termes 
of co-cedinates has a meaning indapendent of co-ordinates. 
The difference i& more or iets analogous te that, in ordinary 
lanruage, between linguistic statements and statements which 
(a5 js usaally the case} are about what words mean. Ji] say 
“atreagth is a desirable quality,” my statement can ba pot 
into Freech or German witha! change of meaning. Bot if 
[say “shength is a word containing seven consonants and 
ony ane vowel,” my statement Decomes false if translated 
into French or German. Now in physics coordinates are 
analogous to words, with tie difference that it is mich harder 
te distinguish “lmguistic  statemrots from others. This 
is What tin nective of tentors andertakes to de. 

Tt does m0 stom possible to slate the method of tensors in 
untechnical language; [am alraid that those philosophers who 
have not dhoaght it worth while to learn the calculus cannot 
hope to understand it. Perhaps in time some simple way of 
explaining it may be foged, but none has been found ao far.* 

Soppose wt have a vector quantity Whose components ate 
A", at, A‘ 4* (Here r, 2, 3, 4 play the part of suffixes, not 
of exponents denoting powers.) Tt happens in certaln casea 
that, if we transform |o any othar coordinates 4°,, 2°), 2'5, 
*y Which are continucus functions of the old co-ordinates 
BE, Fy Ey 3 Et Shall have, ag the components of the vector 
in the pew co-ordinates, A", A" A"! A‘! where: 


4 &, a ‘ ‘ By,’ 
A a File Gendt BEAN aba 


© Fer whet follo Eadingtos. Mathematical T Felativity, 
chap, U., Cambridge, 1394. heory of ty 
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with sumilar formule for 43, A", A“. When this happem, 
the vector in question is called romfrasariant. The simplest 
example ia (de,. dz, dx,, dx}. Except in this one case, ihe 
“ contenant" property da eymobolized by the opper position 
ol tha gui. 

Again we nay have @ veclor, whose components are 4,. 4, 
Ay, 4g, Which is transformed according to the law : 


ee eee ee 
a im gg tt tae dat peat a, 


with similar formule for A‘, 4A‘, 4°, Such a vector is 
called commroaf. The simplest examples is the vector whow 
COTHPIET bs ate? 

ip ip op ie 

ax, 8x, ax, dx," 
where # ip cece fonction which has 3 fixed value at sich 
paint, independently of the co-ordinate #ystero., 

Tt is ghviows that, 1 we have two contravaniant vectors 
4 god 2 whose components are equal in one system of co 
ondinates, then their components are ¢qral im any syatem of 
coordinates; and the sane applies te two covariant vectors 
Aand #. This follows at once from the sbrve rules of trans 
formation, Thus an cquality of peo conteaveriant vectors, 
orof two covariant vectecs, whet it eccuts, iv a fact inde: 
pendent of the ckoodinate system. It is. in fact, a tensor 
equation of the simplest kind. 

The general definition of & " tensor is © generalization of 
thoae of coniravariint and covariant vectors, Instead of 
@ vector with only four compouents, we may have a quarttity 
with ixtetn components: 


Ay, Ay dia Ay, fu, dy Ag. Aan 
Ay, 4m doy Ap Aa Aw Ay, Ay 
Sach « quattity may be denoted by "4..." where it is onder- 


stood that ~ ands can each take al! vahics from 1 to 4. 
i 
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Sumilady we cay Dave & quantity with sixly-fonr components, 
Agi Ay Cte.) such a quantity may be denoted by “AL,” 
where wg ands and ¢ can each take al] valney from © to 4. 
Such quantines: are called “tensors” if they obey laws of 
transformation analogons to thee of comtravariant and 
covenant vects. Thus a contravaiant tensor with sixteen 
components, which if wmitten “4s an ote which satisies 
the rule: 


Atti (Sete +(Arraes + ont Ad Awa, 


with similar equations for the other components—r.g-: 


~ fin’, Gx", Ox’, OF's 
im de, Ot + aes oe, Ot 
hese equation, are cOMprisod in: 


F-| | 


An EER 
arise ax, ' 
whert a, § are to take all valucs fireomm 3 lo 4. Similarly a 
covariant tensor wilh sixteen components, written |" A=," 
is one which is transiummed ancerding to the rule: 
ax, of, 
wR axe at, Ae 

and @& rized tensor, written AT, is one which satisfies the 
robe: iy, ix’, . 
“2 gifs oy, 


There pone difficulty in extending thes definition to any 
nuiber of euiixes. li it obviows, as in the cose of contra 
watiant and covariant vectors, that if two tensors of the same 
kind are equal in one sytem of co-ordinates they are equal in 
any system of codnhnates, ao that tensor equations express 
etarditions which are independent of the choice of co-ordinate, 
For this reason it bs neotesary 10 express all the general laws 
of physica as tensor equations: if ihia cannot be done, the 
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law concemed most be wrong, aod most require such corertjon 
as will enable it to be expresed a9 a tensor equation. The 
law of gravitation is the moet ooteworthy example of this: bot 
perhaps the conservation of energy is scatoc)y less noteweorthy.* 

it sooms patoral to soppode that it woold be pobl: to 
develop 2 less indirect method of expressing physical laws 
than that afforded by the method of tensors, which 6 perbaps 
a consequence of the historical development of physics. 
Originally, in physica, the coordinate; were jntended] to 
express physical relations between the event concerned aml 
the origin. ‘Three of ihe co-ordinates were lengths, which, it 
wes thovght, cook) be attertaiied by mcatorement with 2 
nighd rod. The foorth wast a time, which could be measured 
by a chronometer. There were difficulties, however, which 
the progress of physics made increasingly evident. So long 
aa the earth could be regarded a9 motionless, axes fixed 
relatively lo the earth and clocks which remamed on the 
surface of the earth seemed to sufiice, |i was poesibk to 
disregard the facts thet oo body ia quite gid and oo clock 
quite accurate, because the gpstem of physical laws suggested 
by the choice of the most rigid bodies aad the most accoratc 
élocks could ba used ta estimate the dopartore of these instr 
fens [ron strict constancy, and the ceealts were on the whole 
seli-comgitlent, But im astronomical problems, inthoding that 
of the tide), the earth coukd not be treated as fixed. Tt wes 
necessary to Newton dynamics that the aves should pot 
have any aoccleration, but it reilted fram the law of gravita- 
thon that any material axes must have some acceleratioa. 
The axes, therefore, becanse ideal structures in absolote space ; 
actual measurements with actual rods could only approximate 
lo the retults which wild have folkowed if we conkt have 
mand poecoderated axes. This difficulty waa oot the most 
seripus: the worst trouble was concemed sith absclote 

* fee Eddington, of, cif, p. Thy. 
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aeceleration. Them came the experimental disrovery of the 
facts which Jed to the special theory of relativity : the variation 
ed Jength aod mass with velocity, and the constancy of the 
velocity of light i varwe no matter What body was asad to 
define the co-ordicates. This set of dificulthes was solved 
by the special theory of relativity, which showed that 
equivalent cetults come from employmg a3 reference-body 
any ore Of a set of bedies in oniform rectilinear motion, This, 
however, anh achieved what Galikeo end Neeton thought 
they had achieved. If included electromagnetic phenomena 
within the scope of relativity as regards velocities, But it 
waa Ghearly fecéssary lo extend relativity ta accelerations, 
and wher thit was dont, Geordinales ceased io have the clear 
poysical motapung Uhey had Jormerly potsetsed. Tt is true 
that, ¢ven in the gtoeral theory, 2 co-ordinate, in any system 
which can acinally be used, will always bave some physical 
significance, but 713 siymilficance is trivial and complicated, 
rot, a before, important and simple. 

Tt 16 natoral bo ask: Could we not dispense with co-ordinates 
altogether, since they bave become little more than conmven- 
lional names systematicnly assigned? Perhaps this will 
berome possible in time, but at present the necegsary mathe 
meaticn ig jacking. We wish, for example, ta be able to 
differentiate, and we cannot differentigte a function unleds che 
arguments and values are nombers, This is not due to what 
Might seem the more difficult parts of the definition of a 
differential. We can Gefiee for a non-nuimerical fonction the 
litnil (if it existe) of a function for a given argument, and also 
the four limits which exist more fequently—viz, the mazimum 
and minimum for approaches from above and below: wa can 
aloo define a “ continwows  nod-numerical function. {See 
Princific Mathematiea, *230-"234.) What, oo far, bea not 


been defined, except for turubers, is 5 imction. Now Fd is 
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the limit of a fraction; thus, although we can generalize the 


notion of a limit, we cannot at pregent generalize 2. botauss 


we cannot generalize the notion of a fraction, It seema clear 
a prion that, slece differentiation of co-ordinztes is physically 
useful even when the quantitative valoe of the coordinates 
is conventional, there minst be some process, of which difter- 
entiation is a special numerical form, which can be applied 
wherever we have continuous functions, even when they gre 
non-nueetical, To define such 9 process is a problem in 
Mathematical logic, probably seluble, but hitherto onsolved. 
Tf it were solved, it might become posible te avoid the 
elaborate and round-about procesa of ansigning co-itdinates 
and then treating almost all their properties as irrelevant, which 
ia what is done when the method of tensora is employed. 
There are, ib ig trac, certain gumbers which are important 
in the new geometry: they are those giving the meagore of 
intervals. But, as we have already seen, two points at a 
finite distance apart do not have an unherobigeous interval: 
and any two fwints arc at a finite distance apart. The 
gumbers invelved in the notion of mtterval ace tot finite 
distances, but numbers denvabk: from the sixteen coefficients 
Ee involved in the formula for ds? io the previous chapter, 
These coctictents themselves depend upon the co-ordinate 
aysiom, bot dst doea not. We cannot develop this theme 
aatil we have considered geadesicy; it is from them that wa 
must derive the numbers which have, in the new geqmeby, 
the same sort of physical importance 95 coordinates weer 
soppesed to have in the old, These nombers will be the 
integrals of ds taken along certain geodesics, Bot, unlike 
langths in the old motrical geometry, they are geomotrically 
instifficient. Ta avoid ioelrvant pomoplications, we may 
luatrate this inguficitacy by considering the special theory. 
The most obvious tmumple of the failure of interval to 


a7 THE METHOD OF TEKSORS 


constitute « geometry io derived from consideration of light- 
rays. The interval bebween two events which are parts of the 
samy: Tight-ray ia rero. Suppose now that a light-miy starts 
from an event 4, amd arrives at an event Bat the moment 
when it reaches #3, ancther light-ray slarts from 8 ang 
reaches ©. Then the interval bepecen A and # is zero, that 
between Ff and 0 is nete, but that between f and © may have 
any time-like magnitude, Euclid proved that two gides of 
@ triangle are together greater than the thicd side, and woo 
criticized on the groumd that this proposition was evident 
even to gases. Hot in relativity peometey this proposition is 
false. In our triangle ASC, A and BC are sero, while AC 
may have any finite magnitude. 

Again, the events which are parts of a singit light-ray have 
a definite time-order, im spite of the fact that the interval 
between any two of then ts zero. This appeary as follows. 
Soppete & Lght-my procetds fom the sun to the moon and is 
thence reflected to Une earth: it reaches the earth igter than a 
direct ray which left the san at the same time. There is there- 
fore a deBnite sense in saying that the ray reached the moon 
Later than it left the son—#.4, we can say that the my want 
fom the son to the moon, not from ths mom to the sun. 
Gencralitiog, wt may say: Ti A and B are part of one light- 
ray, and Lght-cays fom A aod §, distinct trom the previews 
Light-ray, contain events ©, 0° whose interval is time-like, 
thet the time-order of C0" is the same whatever these new 
light-rays may be—ia. we shall have always C before C’, 
or always €' before ©. In the firat case, we sey that the 
“ seose “of the ray is irom A to G; in the second, from # to. 
This iustrates the diffienlties which would azine ii wea were to 
attimopt to found oor geqmetry on interval alooe. We must 
also take account of the porely ordinal properties of the spuce- 
time manifold. Thess poopertias give a while aepariticn 
Between the departure of a light-may from the san aod its 
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aurival on the earth, although the "interval " between these 
taro eves if Sera, 

Reverting now to the oscthed of tensors and if possible 
everhial simplification, it seems probable that we have an 
example of a general tendency to over-emplasizea numbers, 
which has existed in mathematics ever since the time of 
Pythagoras, though it was temporarily lest prominent i later 
Greck geometry as exemplified in Euclid, Enrlid’s theory of 
Proportion does net, of course, dispense with numbers, since 
ic uses “ equimultipdes "; bot at any rate it tequires only 
integers, hot irrationals. Owing te tha fact that arithmetic 
is easy, Greek methods in geometry have been in the back- 
ground since Descartes, and co-ordinates have come ta seem 
indisnemeabke, But mathematical logic has shown that 
number is logically inelevant in many problems where it 
formeny atemed etaemtial, ootably mathematical induction, 
limits, amt contiotty, A mew techniqne, which seemy 
diffinlt becagsea it 19 oniamiliar, 5 required when nombers 
are Tok used; but there is a compensating gain m logical 
purity. It should be possible to apply a similar process of 
puniication to physics. The methed of tensors Grat assigns 
coordinates, ard then shoes bow te obtain ftsulte which, 
though expeessad im terms of coordinates, do nat teally 
dopeod upon them. There must be a less indirect technique 
prasible, in which we pse no more apparatus than ic logically 
necessary, and have a language which will ooly express auch 
facts 96 are now expressed in the language of tensors, not such 
as depend upon the choice of co-ordinates, I do not say that 
goch fg method, ff ecoverced, would be preferable in practice, 
but { do sey that it would give a bether expreaian of the 
essential celations, amd greathy facilitate the task of the 
philesopher. In the meantime, the method of tenson is 
technitally dalightful, and suffices for mathematical needs. 
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GEODESICS 
THE importance of geodesics ariscs throngh the law that, 
in the general theory of relativity, a particle mot subject to 
constraints moves in a geodesic. But et os first consider 
what a prodesic is. 

An adventorogy pedestrian in the Alps may wish to pu 
froma place in one valley to a place it another by thet shortest 
rmute—i4, the shortest compatible with remaining ali the 
time oo the earth's surface. He cannot determine the 
shottest route by looking at a large-scale map and drawing 
a straight line between the tog places, for if this line involves 
@ pttater average gradient than another if may be longer, 
in distance 29 well asm time, than another toate whch slopes 
gradually to the head of a pats and then down again. What 
the traveller is sccking is a“ geodesic “ie, the shortest line 
that can be drawn on the earth's surface between the twa 
points. In the absence of bills—s. on Lhe sea—the shortest 
Toute is by a @teat corcle, On complioited stirfaces, peodecics 
may become very complicated carves. The dafinition is 
not exactly "the shortest route between two points.” The 
definition is that the distance slong @ geodesic from any one 
of ite points to amy other must be “ stationary “—28. such 
that either all very elightly different paths are longer, or ell 
very Hightly different paths are eberter. ‘This means that, 
for small variations of path, the first-order change of kength 
is torg. In effect, in the ordinary geometry of purianes the 
geodesic distance is a minimum, and in relativity theory it 
ina maximum. This is oot so great a difference as it may 
seem to the non-wathematical reader, since the geodesic 
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distance commemied in relativity theopy is more analogous to 
what weld ordinarily count as lapse of time than te what 
row ordioarihy count a9 distance in space. 

Let us trey to make the matter a little more concrete. The 
earth, in its annual revolution, travels from places to place in 
space-time; between the positions of Greenwich Observatory 
on two npeasiony six months apart, there is a certain interval. 
From the point of view of an observer in the gun, the interval 
woold formerly have been divided into two parts—namely, 
aix months and shout T&6,000,000 miles. But fret the point 
ol view of the observer at Greenwich there is only one interval 
—iamaly, time—since the plare concerned ia the game on bath 
occasions, Given a clock which travels without constmint 
from one point of space-time to anotior, tho interval between 
these two points is what Ehat clock registers as the time 
between them, [say thatifa clock were constrained to traval 
by some other slightly different route, so as to be present at 
Greenwich Observatory on two porasons six months apart, 
bot absent from thes earth in the meantime, the time which 
that clock wauld register a9 having been taken by its joumey 
would be Legg than six montis, The interval between distant 
Points is not, like distance in georoetry, something which 
can be defined independently of theroutechosen. The interval 
must be obtaited by integration alone a specified route, and 
& Peodésic route te oc which tales the interval greater thao 
it is by any slightly different route, The time between twa 
given cvéote at which 4 man is prescot acems ices if he hat 
apent the intervening time in rapid travel than if be has let 
hirnsalé drift paservely; this is a sort of law of coamic boredom. 
All bodies, left ta themselves, choose the courme which is at 
each moment the most boring, in the sense that it makes the 
time between two given events geem longest. However, it is 
time to have done with these jrrelevancies, and return to 
SeTEO DDE, 
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Since the small interval ds is indepedent of the co 
endinates, a geodesic also is independent of them. We can 
easily obtain the differential equations which a geodesic must 
eatisty, and these equations must be satisfied by the same lines 
whatever ayatem of coordinates we am employing. From 
a given point, goedesics start in all directions. Gone of these 
are the paths of freely moving particles; others are oot, The 
law that the path of a particle fw geodesic does mot tell os 
quite as moch as it sacs to do, since it 1s only by observation 
of the motions of bodies that we discover what paths are 
geodesics, Assuming that the orbit of the earth is a geodesic, 
we can draw inference 26 to the oature of the formula for ds! 
in the son's gravitational Held, For we have oe a prion 
Lnowledge about the coefficients g., which appear in the 
formule for as': theit valueg are to be deduced from observa- 
tion. $=What we can gay is that it js possible, compatibly with 
ebecrved facts, sa to determine the g,, that the path of a 
body in a gravitational feld shell be a gectesic. In Rect, 
we get in this way a more accurate representation of the facts 
than we got fom the Newtonian low, but the observable 
differences between the two are few and minute. 

Although the new law of gravitation and the old do wot 
lead to very doferent results—as, indead, they coukl not, since 
the old law accorded closely with observed facts—yet the 
diffctence im the ideas involved ig very great. A planet, in 
the new theory, is moving freely, whereas in the ofd theory 
it was subject to a central force directed towards the sun, 
In the old theory, the planet moved in an ellipse: in the new 
theory, it mowed in the nearest powible approach to a straight 
line=-to wit, @ gperdegic. In the old theory, the son was like 
a despotic government, emitting decrees from the metropolis; 
in the new, the sar aystem is like the gociaty of Exopotkio's 
dteams, m which everybody does what he peefers at each 
moment, abd the toslt is perfect order. The odd thing Js 
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that, as far ss observation pod, the difference between thesc 
two theories ig sxceedingly minute. To tha plain man, it 
wold geen imposathle te fenodcile tha statement that the 
earth moves in ag cllipse with the statement that it moves 
ina sort of straight line, however quer the sort maybe. And 
yet almost the whole of the difference between these two state- 
Tocdts 38 & Matter of convention. It is postibl: lo adbere 
to Euclidean space even now; this requires a different say of 
slating Finstein’s Jaw of gravitation, Dut does not demand 
the rejection of anything that has been proved true. Dr 
Whitehead considers thig plan preferable te Einstein's. What 
may be called the new octhodory, per contra, is get forth by 
Professot Eddington. Tt will be worth while to consider the 
Point at sue between them. 

Professor Eddington says (of. oi4, DB. 37); 

* Suppose that an observer hes chosen a definite system of 
space co-ordinates and of time-mckoning (,. 1,. *,, x,), and 
That the geometry of these is given By: 


Ta hg Beg tt ety os (TEP). 
Let birm ba ueder tha mistaken nmpression that the geometry 
™ f5,4ee — dx, *— drt — dette)... E62] 


~—that being the geometry with which he is most familiar 
in pure mathematics. We use ds, to distinguish his mistaken 
valos of the interval, Since intervals can be compared by 
expenimtntal methods, he ought sown to discover that his 
ds, cannot be reconciled with observational results, and so 
Tealize bis mistake, But the mind does not 90 readily get 
Td of an obtession. [tis foot) likely that ow observer will 
continue in His opinion, and attribute the diserepancy of the 
ohyervations to some influence which is present and affects the 
behaviour ef bis test-bedies. Hoe will, so to speak, introduce 
asupematiral agency which he cao blame for the comequences 
of his mistake, Let us examine what namo he wouki apply 


te this agency. 
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“OE the four test-bodies comidered the moving particle is 
in general Une moet Sensitrve to small changes of geometry}, 
and it would be by Ubi test that bbe observer would first 
discover discrepancies, The path laid down for it by our 


Observer is: 
(45, ia statioomy 


—fu. a straight line in the op-onrdinates (x,, ty, 7. 4,1 The 
Particle, of courge, pays no heed bo this, and movey in the 
different track: 
ja ig stationary. 
Although apparently undisturbed it dewiates from * uniform 
motion if a straght bine.” The name given to any agency 
which causes deviation from woiform motion in a straight line 
is force According to the Newtonian definition of force, idence 
a ED oe through out observer's mistake iy described 
" freld of force,’ 

" The field of force is nok always introduced by ingdvertence, 
as io the foregoing illastration. It is sometimes introduced 
deliberately by the mathbendtici—<.2. when he intmaduce 
the centriingel force. There would be little advantage and 
many disadvantages in banishing the phrase * field of force" 
from gur vocebolary, We shall therefore regulanize the pro- 
cedore which our observer has adopted. We call (1f-2) the 
sbsrad feomery of the system of co-ordinates fry. 4g. Xy. ls 
it may be choseo arbitrarily by the cbsenver. The vgterct 
geometry is (1h 1). 

“ 4 field of force represents (he diccrepaney hehseey the natural 
geomeiry of @ co-ordinate system: and dhe ebstrocd peomciry 
aehiparly ascribed fo af 

"A Geld of fooce thos arises from an attitade of mind. 
Ti we do oot take oor co-ordinate system to be something 
different from that which it really is, there js 00 field of Jorce.” 


It is mot quite clear why the man who seq forces with a 
conventional geometoy should be regarded as making a “* mis: 
take,” while the may whe pays that Gee particles travel in, 
gecdesica, and to justify himself bas a queer geometry, b 
thought to be saying something substantially more accurate, 
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It is true that we must got conceive “ force at at actual 
agency, ag the older mechanics did; it is merely part of the 
method of describing how bodies move. Bot ss soon as this 
is recognized, it is a mere question of convenience whether we 
speak of forces or not. Let jt be compeded that the method 
af the genera] theory of relativity ia batter from a logieo 
esthetic point of view; | do not see, however, why we shoold 
Tegand it ay any mere “troe." Tam not considering, at the 
mtanent, the fact that Einstein's law of gravitation gives a 
slightly more accurate pictore of the phenomena than 
Newton's, since this is not cealby relevant to tha particular 
point at jue, 

Let ns now consider Dr Whitebead’s view, which is, an this 
point, the opposite of Professor Eddington's, in the Frejace 
to Tha Principled of Hefativtty,* ho says: 


" As the retalt of a consideration of the character of our 
krowkdge in general, and of gor knowledge of nature in 
particwar, . ,- 1 deduce that oor experience requires and 
exhibits a basis of oniformity, and that in the case of nature 
this basis exhibits itecli as the uniformity of epatio-temporal 
relations, This conclusion eotirely cots away the casual 
heterogeneity of these relations which is the essential of 
Einstein's later theory. [tis this uniformity which is esstotial 
tomy opthock, and not the Euclidean geometry which F adopt 
as lending itself to the simplest exposition of the facts of 
nature. Tshoold be very willing to believe that each permanent 
space is ertiet uniformly elliptic or uniformly Eyperbelic, if 
any observations are nore simply caplained by such a hypo 
thesis, Tt is inherent in my theory to maintain the old 
division between physica and geometry. Physics iy the sclence 
of the contingent relations of agture, and gacmetry expresses 
ts wanton rolitedness.” 


Again, in discussing the structore of space-time, he says 
(b., p29): 
" Cambriige, 144, p. 7. 


78 CEROpREICS 


“The stroctuse is oniform Becaosa of the opcesaity for 
knowledges that there be 6 syste of uniform relatedness, in 
beri of which the contingent relations of natura! factors can 
be expressed. DTtherwise we can know wothiog until we know 

thing.” 

And on p. 64: 

” Though the character of time and space i9 not in any sense 
a petori, the egentipl relatedness of any percerved field of 
events to all other events teqoints that this relatedness of all 
events shook conform to the ascertained disclosure derived 
frota the limited field. For we can only know that distant 
events are spatic-temporally connected with the events 
immediately peremived by knowing what these relations are. 
Io other words, these relations must possess 2 systematic 
uniformity in order that we may know of naturt as extending 
beyond isckited cates subjected to the direct examination of 
individual perception. ... This doctrine leads to the re- 
jection of Einatein's interpretation of his formals, a5 expressing 
a cegual heterogeneity of spatio-temporal warping, depeodent 
opm contingent adjectives.’ 

Thos whemas Eddington stems to mgard it a6 necessary 
to adept Einstein's vanable space, Whitehead regards 1+ os 
necessary torejectit. Formy part, [donot see why we ahonld 
agree With either view: the matter seems te be one of con- 
venience jn the interpretation ef formals. Nevertheless, 
De Whitehead’: arpunenta deserve careful examination. 

The toain force of the above passages la epistemological: 
the question invelved is the Kantian one, How is knowledge 
peatble? Fda not wigh to deal with this question in ita 
gtneral form. Bot without peing into theory of knowledge. 
there ja what may be called 4 common-sense angwer. Einstein 
enables us to predict what in fact can be predicted about 
satropamica? oocprrences, and that neem ali that onght to be 
demanded of him, Dr Whitehead objects to the “ casual “ 
heterogeneity of spacetime in Einstein's system. Ins sense, 
this adjective is justified, since the character of apace-time 
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in any féeglon depends wpen circumstances which can only be 
ascertained em piricalhy—noomely, the distributim of matter 
in the neighbourhood. But in ancther sense the adjective is 
not justified, since Einstem's Jaw of gravitation gives the mile 
according to which space-time is affected by the neighbourhood 
of matter. To sey that we camot, by the help of this role, 
koow in advence tha gecmetry of a ragion we have oot arplared, 
geems 80 insufficient objection, since we also cannot know 
what aétromotiital occiniercts will take phoce unless ve lene 
tha distribotion oftoatter. Einstein, ike other people, assomes 
the permanence of matter; dhs is a point to be considered in 
another connection, but it bas no particular relevance to the 
presamt igsus. The way the heavenly bedies move depends 
Upod the distribution ef matter in their neighbourhood, which 
is, in Dy Whitebead'’s phrase, "camel," Even by sasoming 
Euclidean geometry we cannot mako astronomical predictions 
Dress We essnine that we imow the important facts about the 
distribution of matter in the region concerned. Whether we 
put the romequences of these facts into cor geometry of not 
docs not seem tp make any real difference to the powability of 
physical knowledge, In all theoretical physica, there is a 
cerlain admixture of facts and calculations: s¢ long ay the 
combination is puch ay to give resulte which observation 
ctnfinns, | cannet eos that we can have any a priors objection, 
Dr Whitehead's view teem LO rest upon the assumption that 
the pritciples of scientific inference ought to be in sme 
senge “ teasonable, Perhaps we all make this atsomption 
ih one fom or another, But for my part [ should prefer 
to infer “ reasonableness from success, rather than sek 
Up in advance o standard of what can be regarded wt 
credible. 

T do tot therefore gee any ground for rejecting a variable 
Geometry soch ay Einstein's, Ent equally I seo 20 groutd for 
woppoging that the facts mecestitate it. The question ia, to 
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my toind, merely one of logical simplicity and comprebensve- 
ness. From this poitt of view, I prefer the variable space in 
which bodicé move in geteiesics to & Euclidean space with a 
field of force. Bot I cannot regard the qnestion a3 one 
concerning the Jacts, 

The conclusion would seem to be, therefore, that, when 
physics is considered, as we are now comsiclering it, a 2 
deductive system, we do weil to adopt tha Einstainian inter 
frctation: free particles mova m geodesics, and the law of 
gravitation is & law as to bow geodesics ete shaped in the 
neighbourhood of matter. This view ia cattutially simple, 
though it leads te complicated mathematis. Jt accords with 
the facts, and it puts the law of gravitation in a recognizable 
Place among physical principles, instead of leaving it, 23 
heretofore, an isolated and unrelated law, 1 propose, there- 
fore, to continue to adopt Einstein's view os to the best way 
of interpreting the primtiples of physics, without suggesting 
that no other way is logically possibk. 

There ig one matter of great theoretical importance, which 
is not very char in the usual accounts of relativity. How do 
we know whether two events are to be regarded ag happening 
bo the satoe plete of matter? An electron or a proton is 
supposed to preserve its identiny thronghoot time; boi oor 
fundamental continguin isa contimoum of ave. One must 
therefore suppose that one unit of matter is w series of avents, 
or a series of sets of events. It is mot clear what is the 
thacrstical criterion for determuning whether two events both 
belong to one euch series. We tay asgame, I snppose, that 
two events which overlap—4.2. which are both present at 
some point of spacetime—moust belong to one unit of matter. 
(Tt is pot to be assumed that an event which belongs te one 
unit of matter belongs to no other.) We may also aeume 
that two events which have a spacelike interval, or have a rere 
interval withoot overlapping, do not beloag to one omit of 
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matter. But when two events have a time-like interval, 
there [5 no obvious criterion. Amy to gach events can be 
connected by a gendesic in which any two pots have a time- 
Like separatiim; therefore, so far as the laws of dynarcics are 
concemed, Hey might both belong to the same material unit. 
Yet sometimes wa think they do, and sometimes we think 
they do not, Tt is evidently part of (he bosiness of physica te 
tell pg how we are to decide this question in @ given case. 
What can we say aboot it?" 

The decision must depend upon intenmediate history—+-z, 
Tpon the existence of some genes of inferpoediate events for 
tite of events) following each otber according to sore law. 
Tl there exists any Jaw which is in fact obeyed by strings of 
events, such 4 law can be uged to define what we mean by one 
matenal omit, We know that there are goch laws, but their 
importance in this connection is not eonphesized, because it 
bas hardly beep realized that there isa problem owing to the 
Sabstitution of events fer bite of matter a3 the fundamental 
sto of physics, For otmmon senec, there lt a more or Jeng 
vague law of what may be called qualitative continuity. [ff 
Foo look péetsistenth in a given direction, what you set, as 3 
Tole, alters gradumlly; there are exceptions, such a5 explosions, 
brat they ararare. {I am not talking of a theoretical predual- 
Tress, but of one that is obvious to untrained perceptiog.} Tf 
you see, oy, A well-defined ocd patch, whose shape and tint 
9 not alter preachy while you are looking, you Gonchede that 
there js & material object thar, especially if you can teach it 
Whmever yoo chee. Common sense achieves in thia way 
& considerable measure of constancy in jts objects. More is 
achieved by reducing metber to molecolas, more still by re- 
ducing it to mtoms, and yet more by reducing it ta proton 
amd tltectrons. But physicists would not feel pleased with 


* This subject ip conelderecd again Io Ghac. IY. from 2 eet 
difcract taodpelot. = - F 4 
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tlectrons and protons but for the fact that thelr tables and 
chairs, their laboratories and their books, const, on the whole, 
af the sameé eiectrens and proteas om different oncasions. 
QCowitative cxitinntty remains the batia of the whole poo 
ceeding. Gilppise, ane evening, You wert to gay to an 
astronomer: How do you know that that white patch in the 
akyis the moon? He would stare at you, and think you mad. 
He would wot reply: because the course and phases of the 
Inoort hawe been worked out by astronomical theory, and that 
le whete the moon enght to be, ared the shape it onght to have, 
ak the present moment in this latitude and longitude. What 
he would say is: Why, can't you see it’s the metn ? = To which 
the right answer would be: Yes, I can, but I didn't suppose 
yaw coukd, because you coght te have got beyond each & emaide 
criterion, 

Moreover, there are identities in physics which are not 
material, A wave bas a certain identity; if this wer mot 
the case, oor visnal perceptions would not have the intimate 
connection Eheyv infact do have with physiowl objects. Sappose 
we ace several lamps simuitancously: we ere able to dis 
tinguish them because cach sends out its own light-waves, 
Which preserve their intlividamity until they reach the eye. 
Our chief reason for not regarding a wave asa physical object 
Stems io be that it it pet indestructible. But this is not car 
only reagan, situte, fit wert, Wet Might regard the energy of 
Brave a9 8 physical object. We do not regard eneney ma a 
thing,” because it is not connected with the qeahbtive con- 
tmuity of common-sense objects: it mey appear aa light or 
heat or sound or what mot. But new that energy and mags 
have tured out to be identical, our refaaal to regard enemy 
ag a “thing” shold incline vs to the view that what possesses 
mass need not be a“ thing.” We seem driven, thermfore, to 
the view advocated by Eddington, that there are certain 
invariants, and that (wilh some degree of maccoracy) one 
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BeTIaES HT] OUT commen sense have singled them ont ag 
deserving names. The correct theeretical definition cf a 
single piece of matter will thas depend upon the mathematical 
invariants resulting (ror oar formula for interval. This topic, 
however, demands a new chapter. 


CHAPTER Ik 
INVARIANTS AND THEIR PHYSICAL INTERPRETATION 


TREE if & point of view specially assoniated with Professor 
Eddington, which it is necessary to consider at this stage, 
since it ariécs naturally in the attempt to develop physice as 
a self-contained deductive system. According to this view, 
Practically all theoretical physics is & vast tautology or con 
vention, the only park excepted, so far, being the part which 
invelves quantum-theary. This is oot the whole of Professor 
Eddingtan’s view on the subject, a6 be has shown whe not 
writing simply a3 a technical phyicist;* Dut it is what we 
may tall his" professional “ view. 

Let up begin with the conservation of momentum and of 
energy for mats), Here we start from a propesition of pure 
mathematics, To explain this propesition will require certain 
preliminaries. Tt will be remembered that we had: 

dah= TE, Ae Ee 


£™ | fu fit Fu fu 
fn fe fan Sa 
Ep. Gay fer Bay 
fu Fu Fu fa 
And we write 2 for the minor of g,. in this determinant, 


divided by g. Also: 


We put: 


fn ink. 


which—=0 Uf pfs and= tf if wv. 
The next atep ia the definition of the " three-index symbole,” 


* Son bis offog in Somes, Retipion, aed Beatty, ectibel by Needhom, 
rary, 
1 CL Mathematical Theory of Releteliy, 454, 4, O6- 
iy 
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ra]~a (E+ Ee - Br) 
teal = ne (BS + ae ae 


We can tenw define the tensor which Einstein uses for hia law 
of gravitation. Itia G., where: 
a ry 
Gao (nee) fore) — [areal fowl + wee) — ae ear 
summed for all values of « aod o from 1 te 4. Einstein 
takes aa the law of gravitation G,.—o in empty space. For 
the moment, we ars oot concerned with the law of gravitation, 
but with certain identities. We put: 
C= ie. (at, 2, 4,4). 

Further, there is a role for raising or lowerlng suiixes in 

any tensa, of which ao illustration is: 


Arm feed, ie—i, z, ie 4), 
30 that— . 
Grae Gb es + ee + ee 
Uroneralizing the notion of the “ divergence " of a vector, we 
obtain a general definition of the divergence of any tensor. 
Taking 8 tensor of the form Ay for purposes of Ulustration, its 
divergence "das four components: 
(fala + (Anda + [dada + th Wd, 2 3, th 
where: 
it 
(naa ty + Staray Ab— Fes A, 


and similarly for iat, sto. These defititiens have benno given 
in order to enunciate the proposition:* 

TA diuergened of Ge =< ben is tdlentically ecra, 
which Eddington calls "the fundamental theorem of 


mecharics. 
* Badingtun, op. wif, p. 115. 
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Tn onder to 580 the use made of this proposition, we need to 

introduce the" muterial energy-tensor,” defined as: 
Pree ar 

where g, 15 the “ proper density "of the matter concemed— 
4.6. its density relative to axes moving with the maticr, From 
this, by dhe waa) mul: for lowerlng a suis, we obtain @ tensor 
re. The principles of the conservation of masa and cementum 
are contained in the statement that the divergence of Ty 
vanishes, This suggests the identification of TL with 
G.- a0, whee divergence vaniehes identically — apart 
trem @ cutnercel factor, which, for convenience, is taken as 
-Se. Thus Eddington puts: 


Oy — deg — faye 


which is the law of gravitation for continuous matter, 

Tt has been necessary ta make the above excumion into 
mathematical regions in erder to be able to understand the 
observations which succesd to the above in Eddington's 
expedition (of. cH, p. 11g}. Ala saya: 


“ Appeal is now made to w Principle of Identification. 
Chur daguctive theory stats with the interval . . ., fom which 
the tensor ¢,, 14 immediately obtained, By pore mathematics 
we derive other tengors. ... These constitute aur wotk- 
building material; and the aim of the deductive theory is to 
constrict from this a world which functions in the same way 
asthe lown physical word. Tiwesutcecd, magy, momentum, 
sire, efc., must be the volgar tames for certain analytical 
quantities in the deductive theory; and it is thia stage of 
naming the anrlytical tenserg which ig reached in (543). TE 
the theory provides a tensor GF — gg", which behave: in 
exactly the same wily as the tensor summarizing the mass, 
monrentimo and stoess of mattor is observed io behave, it is 
dificult to see how anything more copld be mquired 
of jt.” 
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There are a quoiber of other exainples of the same method 
in Eddingten's work, but we may take the above aa typical, 
since it bs the siioplest toathematically, Tt in worth while to 
consider the nitare of the oicthed, apart irom ites technical 
embodiment. This is the oe netematry, a5 it is mot tasy to 
ba clear as to the logical and mmpitical clemieots in theotetical 
Physics as developed by the above methcad, 

Fimdamentally, the otthod is the same wt that which has 
always been pursaed when mathematics bas been applied to 
the phygical world. The aim has best: to obtain mathematical 
jaws which gave correct results wherever they could be tested 
by observation. The fewer and more genera! and more com- 
prehensive the Jaws, the more acientific taste was gratified. 
Newton's law of gravitation was better than Keplec’s laws, 
both because it was one law instead of three, and became it 
gave a larger number of comect deductions. Hut at every 
stage the subject-matter od physics grows more abstract, and 
ily connection with what we observe prows more onmote. 
Edtington's ideal is to start with only one fomdamental law 
—namely, the firmula for és"—which, as generalized by Weyl, 
will give electromagnctic equations as well as gravitation. 
From this one fordamental law, by pore moathematics, we 
daduce the existence of quantities behaving in certain ways. 
Elementary theorizing from observation has led us to believe 
that there ara quantities connected with what we obgerve 
which behave in these ways. We therefore identify the ob- 
served quauttities with the dedaced qgoantities. This is, in 
cadence, the satet sort of thing as we do when we associate 
what we ge With light-waves, We may thus resard physics 
fram the two points of view, the inductive and the deductive. 
Jn the lateer, we start from the formuia far interval {together 
with certain other sasumplions), amd we deduce by nalbeme- 
tics « world having certain mathematical characteristics. in 
the mdoctive view, the same mathematical characteristics 
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are arrived at, but they are now those which may be supposed 
to Delong to the physical world in its entity if we supplement 
observation by means od the postulate that everyting happens 
in accordancs with simple penerel Jaws, 

We imey thus say that the world of elementary physics is 
emii-abstract, while that of deductive relativity-theory is 
wholly abstract. The appearance of deducing attnal pheno 
mena From mathematics is delosive; what really happens 13 
that the phenomena aflord inductive veriieation of the general 
Principles iron which our mathematics starts. Every ob- 
sorved fact retaing its full evidertial value; But now it com- 
firms not merely some particular law, but the general law 
from which the deductive syatem slarts. There is, bowever, 
reo logical necessity for ope fact to follow given another, or 
a ouumber of others, becagge there is no logica] necessily about 
aur fpndamental principles. 

The question of interpretation, it must be admitted, i 
eeewhet dificult when physics is conceived in this very 
abéiract manner, What, foretemple,isde? We start from 
& View whith of, to a certain extent, intelligible in terms of 
Objervaten. [po the cas of a time-like unterval, it 14 the tine 
which ¢hpecs between Ube tro events according to a clock, 
not subject to constraints, which is present at both evens. 
On the earth's sorface, the time measmred by a clock can be 
inferred, with suitable precantions, from the visual perceptions 
el a careful observer. In the cage of a epacelike interval, 
@s is the distance between two ¢venis as celimated by measure- 
Mints carried out on a body which is present at both, and for 
whith the two events are simultancous, The elementary 
operation of meaning lengths is hera supposed possihls. 
But whea we pass from this initial view te the abstract view 
which ia required by the geeeral theory of relativity, the 
joterval can cooly be actually estimated by using rather 
elaborate physics to make deductions from what can be 
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actually cheerved by means of clocks and fpotroles. For 
jogical theory, the interval is primitive, but irom the point of 
view of mmpirical verification it is a complitated function of 
enpictal data, deduced by prea of physica in its semi- 
abstract form. The nnityand simplicity of the deductive ediice, 
therefore, must sot blind we te the cotoplexity of empirical 
physics, or to the logical independence of it5 varigms porbons. 

in particular, when the conservation of mass or of momentum 
appesrs a9 an Keotiby, that ia only bre in the deductive 
aystern; in thajr empirical meaning, these laws ara by 19 means 
logical necessities. There might easily be a world in whikh 
they were false, and it might be capable of a treatment a3 
unified and mathematical as the general theory of relativity; 
bot, tiso, the bindaoenta! lews would be different. 

What is novel and interesting in the pont of view we have 
eto cObsidering is the character of the relation between 
enopitical and deductive physics, But there is no real diminu- 
tion of the need for empirical observation. I do oot for a 
moment sugeest that anything in the above 15 a cniticiem of 
Professor Eddington; indeed, | imagina he would regard it 25 
B string of truss, 1 have bean concerted only to guard 
against @ possible misunderstanding un the part of those 
who do ool feel for mathematics the contempt which is bord 
of Jarmiliarity. 

In the foregoing remarks, however, we bave ceglected ote 
important aspect of Eddington’s theory. In addition ta 
tie fact that the wholes ganeral theory of relativity can be 
deduced irom a few simpls assumptions, intersst attaches ta 
the mato of the dedoection and thea considerations by which 
the subttantial import of mathematical formule: is made less, 
or at least othor, than wonld neturally be supposed. A good 
example is afforded by 8 paragraph beaded “ Loterpretation of 
Binstein's Law af Gravitation."* The law comtemed i: not 

"Op. cif, FOG, pp. Tya-tgs. 
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Gy mo, which is not supposed to be quite atturate where 
wellar distances are coocermed: it ip the modified law: 


felt 


where J most ba very amall, po amali thet within the solar 
eysteto the oew law gives the came results, withic the limits of 
observation, af.—0. The new law is shown to be equivalent 
to the agsumplion that, in empty space, the fadius of curvature 
in every direction is everywhere ‘3/4. But thig is interpreted 
a5 @ law about oof measuring rods—namely, that they adjust 
themselves to the cadius of curvature at any place and in any 
direction. Ibis interpreted as mcanng: 

“The jength of a specifed material strocture bears 4 
constant ratio to the radius of curvature of the world at the 
Place and in the direction in which it lies.’ And the following 
glass is added: 

“The law no longer appears to have any reference to the 
constitution of an ceoopty continuum. [tis a law of material 
sbrocture showing what dimecosions a specified collection of 
mohecules must Lake up in order to adjust itself to equilibrium 
with the surrounding conditions of the world.” 

To particwar, electrons must make these adjosiments, and 
it ig suggested elsewhere that the asymmetry of ao electron 
aard ila equality with other electrons are not sobstantial facts, 
but consequences of the method of measurement (pp. 145-4). 
One cannot complain of an author for not doing everything, 
but at this point gost readers will feel a desite for some dis 
cussiot of the theary cf measurement. The elementary 
Thraning of imaturement of lengths i9 derived from super- 
peaition of a supposedly rigid body. A rigid body, as Dr 
Whilehead has pointed out, is primarily ona which seems 
migid, anch as a atecl ber im contradistinction te a piece of 
potty. When I say that a body “ atems ”' rigid, I mean that 
it looks and feels ag if it were Dol altering its shape and size. 
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This, #0 far as it can be relied upon, implies some constant 
relation te the boman body: if the eye and the hand grew at 
the patie mate as the “ rigid” body, it would look and fral 
as rf it were unchanging. But if other objects in our im- 
mediate environment did uct prow meanwhile, we should 
uifer that we and our measure had grown. There would, 
however, be no meaning im the supposition that all bodies arc 
Digget in cortein placeg than they are jn certain others; at inaat, 
if we suppose the alteration to be ina fined ratio. If we do 
pat add this proviso, there jg a poo] meaning io the supposi- 
tion, Ln fact, we do actoalhy believe thai all bodies are bigger 
at the equator than at the North Pole, except such as are too 
small to be visible or palpable. Wheo we say that the length 
af an object at the equator is ene metre, We do not mean that 
its langth jg that which Phe standard metre would have if 
moved from Parigto the equator. But the expansion of bodies 
with temperature wookd have been difficult te discover if it 
had Act been possibls te bring bodies of different temperatures 
inte the sae neighbourhood and measure them before their 
temperatures had become eqoal; it would also have been 
Giffimilt if all bodies had expanded equalty when their tempers- 
tores roge. These elementary considerations, along with 
Tany others, make rigidity an ideal, which artual bodies 
approach without attaining, Mere superposition thea peases 
to give a measure of length: it gives still a comparison of the 
two bodics concermed, but not of either with the standard anit 
of length. To obtain the latter, we have to adjost the im- 
mediate cesolis of the operation of measuring, by means of 2 
mass of physical theory. [ithe measures which we obtain are 
Tautoally consictent, that ig all we can gsk; bot it is possible 
thak a change in physical theary might have pives other 
Tiessures which would also have been mutnally coogistent. 
Professor Eddington, in the passage which we quoted 
Partially in introducing this discussios, is careful to say that 
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he is conceroed with measurement by direct comparison. 
He says: 


" The gtatement that the radius of corvatore is a constant 
length reqoires more consideration befor its full significance 
is appreciated. Length is not absolute, and the result can 
only Dieat conch Falatiee Wo hie anatereal Habdards of dete 
used io all ote mothburetnents ated in particular in those 
nisasitements which very Gag... In onder to make a 
direct comparison the material omit must be conveyed to 
the place and pointed in the direction of the length to be 
measured. lt is tence that we often ose indirect metheds, 
avoiding actual transfer or orientation; but the justification 
of these indirect tocthods 34 that they eive the same cosa at 
& direct comparison, and their validity depends upon the 
tooth nf the fundamental laws of natura. We are here cis- 
cussing the most fondamental of these laws, and to admit 
the validity of the indirect methods of comparisons at this 
atage would Fond usin a vicious cick." 


T confess that Tam poled by this passage. Taken in its 
plain and obvinws sense, it means that the standard metre 
is to be taken from Paris, and ased without any corrections fur 
temperature, etc., Becaust 6 500m as we introduce such 
CHTECHOOs we are assuming a great deal of physics, and this 
éeeto to be obking ourselves liable to the vicious circle which, 
we ate told, is to be avoided. Lt it evident, however, that 
this is not what Professor Eddington means, since be goes on 
at once to speak of the electron aa making the adjustments 
copmemed. Now the electron may be, theoretically, a perfect 
spatial wot, bok we certainly cannot cxtipare its Site with 
that of larger bodies directly, without assuming any previots 
Bbysical beowledge. Ti stenus that Professor Eddington is 
Pratolatiog an ideal observer, who can see electrons jost a3 
directly as (or, ratber, moch more directly than) we can see 
ameuercd, in abort, bis “direct measorement”™ 15 an operm- 
tion. ws abstract and theoretical as bia mathematical symbaliam, 
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That being adanitted, we may take the electron p43 our spatial 
unit, and atk Gurselves that our idee! observer cock) do with 
it. He could not take a Jot of electrons atid place them end 
on in a now, With & view to measuring a given keogth, since an 
infinite force is required to make two electrons tomth. To 
Tmensmre ordinary lengths, he wookl have to take {sa¥} 
hydrogen at a given temperatore aod pressure, enclosed in a 
ballogn whose padiué is the length te be mesgnred: be conld 
thes count the number of electro an the battoon and take 
ite Cube rool as a meatore of the maid length. Bot to ascertain 
the temperature and preteute, be will have to make other 
meahiiements; moreever, te will have bo asswmer that bis 
balloon is spherical, Altogether, the meéthed docs not seem 
Very practical, 

[ have no complete theory of physical measurements to 
offer, but it eeemed desirable to illustrate how diffeule it is 
to say precisely what measurement means in an advanced 
science such aa physics, We have certain postulates, guch as 
"lengihs which are equal te the same length are equal to 
oos another,” but achisl measuremonts, when made with 
safficient accuracy, are net found te verify these postulates, 
Thentlore we invent physical laws to save the postulates. 
With each fresh law it becomes more dificult to say exactly 
what we do mean when, og.. we give the wave-length of a 
certain: line in the spectrum of hydrogen in terms of the 
metre, (This is particolarly odd in view of the fact that 
these wave-lengtha are given to more sipnificant ignres than 
can bo warratted by the operations applicable to the siundard 
Mette itself, whoan length is only lmewa, in pemparison with 
other lengths, to a Very tnodenate degree of appronimation.} 
In physical theory, measorement shouki teat pon an integra- 
tion of the formule for és. But in physical praction the g,, of 
that formals can only be datermined by tocans of metsurt- 
ments. Thos the only thing we seem wirpnied in aye 
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is this: It is peasible to correct the results of actoal measure- 
ments according to certaln known cules, in such a way that 
the corrected lengths aball satisfy ch postulates as Euclid’s 
first axiom; when this is done, we find, by means of physical 
theory, thet all electrons have the same ait. But this is nat, 
considered empirically, at ell a simple fact. And considered 
25 a statement in the deductive theory it probably bes a good 
meanng, bot one which demands much elocidation. Until 
this is fortheommme, all ose of nombers a5 measures of physical 
quantities in theoretical physics raises problems, since we do 
not lover What, in thearetical physics, replaces the operation 
of messnrement ag comucted in the laboratory and in daily 
Jife. 

The theaty of keneth-teasurement raises problems which 
bring ws naturally to Weyl’s relativistic theory of electro 
mageliam, which we most cow briefty consider. 


CHAPTER % 
WEYL THEORY 


Tae theory to be comeidered in (his chapter is, [ram a gee 
metrical pont of view, & Tetural generalization of Einstam's 
arbitearimess of coordinates: from a physleal paint of view, 
it Ots electromagnetion into the deductive system, which 
Einstein's theory does not do. The theory is due to Herroane 
Weyl, and will be fonndin his Space, Timur, Matter (1922). 

The puzzles abowl measurement considered at the end of 
Chapter DX. naturally suggest the point of view from ‘hich 
Weyl starts. As he ays: The same certainty that charac- 
terizes the relativity of motion accompanies the principle of 
the retatinigy of magnitade " (op, cf6, p. 283). Measurement 
ig a comparison of lengths, and Weyl suggests that, when 
Teneths in different planes are to be compared, the regolt may 
depend upon the route putsued in passing from the one place 
tothe other, Lengtha at the same place (i.e. having one end 
identical), if smell, he tegards gs diréctly comparable; also he 
BSSOes COnLIMUty in the changes wocoiapan ying transporta- 
tion. = Thisis not the sum-total of his assumptions, nor the most 
general way of stating them; but before we can state them 
adequately certain explanations are necessary. 

Reduced to ite simplest terms, the nonception used by Weyl 
may be expressed asicllows. Given a vector ata point, what 
ate we to mean by the statement that a vector at another point 
igequaltoit? There must be some element of convention in 
tar definition; Jet of therefore, a5 2 first step, set Up 2 Unit 
of length in tach placa, and see what limitations it iz dasirabls 
to impase on Our initial arbitrariness. 

There ia, to begin with, an sasumption which is made almost 
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tacth, and lhat is, that we can recognize something in ane 
Place a5 the “ same“ vector as somethmg at another place. 
We may perhaps take this sameness 29 being jnerely analytical: 
the two are the same fomection of the coordinates at their 
respective places, I donot think this is all that is meant, since 
a Vector ff supposed to bave mtne physical significance: but 
if more 9 meant, it is not clear bow it is to be defined. We 
will therefore assume that, given a funetion of the co-ordinates 
which is a vector, we shall regard the same fonction of other 
Valics of the eo-ordinates as the “ same" vector at another 
Prce. 

We next have to define “ parallel displacement.” This 
may be defined in various ways, Perhaps the most graphic 
description 19 to say that it is displacement along a geodesic 
(Eddington, of. ct.. p. zu). Another definition is that it ia 
a Cosdactinent such that the “ covariant derivative “ vanishes, 
the corariant derivative of a vector 4, with respect to? being 
defined as A... where: 
a4, 
ox, 


For the definition of ju.c}, see the beginning of Chapter TX. 
Ty the tengor clculys, covariant differentiation takes the place 
of ordinary differentiation for many purposes, since the co- 
variant derivative of a tensor 19.4 tensor, whereas the ondisary 
derivative is in general not a tensor. We agsome that oor 
noits of length m different places ara so chosen that, whe 2 
small displacement i moved to 3 neighbouring place by 
parallel! displacement, the change in the measure of its length 
is small, andis proportional toitslength. Weassume, in sbert, 
that the tatio of the increage of length to the initial length 
for a change of co-ordinates (#x,, diy, dry, dry) ia: 


nite + nly + eye, + wlsy 


So that (ey. ag. my, ©) form a vector, «,. 


Alo : E pra] A, ja=1, 2,5. §} 
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New jt is posible to axcptess Maxwell's equations in ters 
of a vector which may be identified with the above vector «,. 
Hence it 1s possible to regard electromagnetic phenomena a3 
explamed by the variation of what is taken as the unit as 
we Pets from point to point. JT shall not attempt to explam 
the theory, as it wool) in any cage be necessary to read a full 
account in onder to grasp its significanca, 

Hero, perbaps even mote (har elsewhere in relativity theory, 
it is difficult to disentangle the conventional clememts from 
those having physical significance. Oo the face of it, it might 
secu a8 though we were attempting (6 accomnt for actual 
physical phenomena by means ol a mere convention a4 to 
thoite of units. Bot this, of course, is not what is meant. 
The wey the unit is assigned in difitrent places is called by 
Eddinglan the " gOuge-syste“': this ia only partialty 
axbitrary, and is in part the representation of the physical 
Ftate of the world. ‘This hes to do with the fact that vectors 
are not purely analytical expressions, but alse comespond to 
Physical facts, It would geem, bowever, that the thear bas 
mot yet been exoressoed with the logical purity that is to be 
desired, chiefly becawte it ig not prefaced by any clear account 
of what is to be understood by " mensaremont “—or, what 
comes to much the same thing from thé standpoint of theory, 
what we are to mean when we talk of moving” 4 vector, 
whether by parallel displacement oc in any other way. To 
“move something, wo most be able to recognize some Mentity 
Debween things in different places, Perhaps all this js quite 
char in the minds of competent exponents of the theory, bot 
if so they have mot snocecded it conveying Uheir thoughts 
without loss of clarity to readers who have not their back- 
ground, When Eddington says: " Toke a displacement at F 
and transfer it by parallel Msplacement to an infmitely naar 
pent 2 (p. zoo), I find myself wondering bow, exactly, 
the displacement is to preserve fis identity throughout the 
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Transfer, and the only atswer suggested by the accompanymg 
Tormiult is that the adentity is thet of an algebraic expression 
in terms of the co-ordinates. This, however, is clearly 
insuficient. 

Proieasot Eddington, afler expounding Weyl's theory, pte- 
ceeds to generalize it, and some Of bis accompanying elocida- 
tions are relevant to oor present difbculties, Thus he sya 
{p. ai7}: 

“In Weyl's theory, a gaugeayetem is partly physical and 
partly conventimal; iengths in different directions but at 
the same pornt anc supposed to be compared by experimental 
{optical} methods: bot kengths at diferent points are nol 
supped to be comparable by physical methods (transier of 
clocks and rods), and the unit of length at each point ig laid 
down ty a convention, I think this hybrid definition of 
length it undesirable, and that length shookd be treated as 
a pureh conventional or ele a porely physica) conception,‘ 


He procecds to a genetalized theory in which, at Grat, length 
is puraty conventional, for comparisons at a point a3 well ap 
for comparisons between different points. This generalined 
theory does not seem te involve the same kind of diffimilties 
aa those which have bean troubling us. The following passage, 
for example, states Che matter with great cleamess [p. 226}: 


“The relation of displacement between point-events aod 
the relation of ‘ egonalenmce" betwen displacements form 
Part of one idea, which are only separated for convenience of 
mathematical manipulation. That the celation of displace 
fotat betwen 4 and 2 amounts to such-<and-soch a quantity 
conveys no absolote meaniog; Dut thet the relation of dis 
Placement between A and 3B is" equivalent “to the relation of 
displacement between Co and J is for at any rate may be) an 
ghsolote wtscrtion, Thus four points is the minimum nutaber 
for which at assertion of abeolute structural relation can be 
made, The wtimate elements of structure are thus four-point 
elements, By adopting the condition of affine gsomotry, I 
have Limited the posgihle gzsertion with regand to = four-point 
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alement to the statment that the ioor pointy do, or da not, 
form. « peraliclogram. The defence of affine geometry thug 
Testa on the not tapdausible view that fou-pemt oleate 
are recognized to be differentiated irom one another by a 
aingle character—viz. that they are of ara not of a particular 
kind which is conventionally named paraliniongramiml, Then 
the analyms of the parallelogram ptopercty into a doubls 
equivalence of AH to CD and AC to BD, is merely a defeltion 
of what is meant by the equivalence of displacements,” 

Here we have a logically satisfactory theoretical basis bor 
a Tmetric. We may soppose that, ac a matter of fact, there gre 
important properties of groups of fonr peinks which art 
“ parallelogramical,” and that actual physica) meastimment 
ig an approximate mathed of discovering which groups have 
this property, We shall find certain laws appronimately 
fulfilled by rongh-and-ready measurements, and intiiled with 
increasing accuracy a5 we imtrodoca refimenints into the 
process cf measorement. Consider, for example, Enclid’s 
fost axitm : Things which are equal to the same Ublng are equal 
toone another, Presumably Euclid regarded this as a logically 
DOCH Proposition, ang ao do people who pre engaged in the 
practice of measurement, If peo lengths each equal toa metre 
are found to be not equal te cach other, the plato man ssaomes 
that there must be a mistake somewhere, We aon therefore 
continually redefining the actual operations of measurament 
with a View to verifying: Euclid's first modern 96 nearly as 
posible. But with the above-quoted definition of equality 
of length the frst mxiom become a substantial proposition, 
namely: W ABCD is a parallelogram, and likewise DCEF, 
then AREF is a parallningram. Tf this proposition is tru, 
then it is theoretically possible to define measnrenent it stich 
a way that fo lengibs cach eqog to a metre shall abars be 
equal to egch other, What is called “ accuracy " is, speaking 
generally, on attempt to obtain a result conformable with 
sume jee! ptandard snppewed to be logical bot in fact physical. 
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What de we mean by saying that 4 length bas been " wrongly " 
measured ? Whatever result we cbtain from measuring a 
green length, the resolt represents a fact in the work. But 
in what we call a wrong " measurement, the fact ascertained 
is cpipler god of emiall universality, Ef the observer bas 
ale y misread a acale, the fact ascertained involves reference 
to his peychology. Tf he has neglected a physical correction— 
#.g, for the tempétaiore of bis measure—the fact refers only to 
a Tacasurement carried out with that particular apparates on 
that particular oceasion. In relativity theory we have 
adothes pet of what might be called “ inaccinate " measure- 
menti—w.g. measurements of ihe oiisets of a-particles or 
A-particles emitted frum radio-active bodies mast be corrected 
for their motion rdativa te the observer before they anquire 
any general significance. It is alwnye the search for simple 
relaticns which eater into general laws that governs miccessive 
Fefmements. Bot the existence of gach relations (where they do 
eanét) ig an empirical fact, 40 that much that aceme prima facie 
to be logically mecessary is really contingent. On the other 
band, the ommber of premises in a deductive aystem which 
has to agren with an empitical geiemoe can, by logical sieill 
be diminished to an extent which may be astonishing. OF 
this, the theory of relativity is a very rewoarkable example. 
The theory is & combination of two diverse elements: on the 
one band, new experimental data; on the other, a otw logical 
method, it must be regarded as a happy accident that the 
two appeared together: if the right kind of theoretical renius 
had not happened te be forthcoming, *« might have bad to 
be content for a long time with patehed-up hypotheses such 
aa the PiteGerakl contraction. As it is, tha combination ol 
expeiment amd thaary has produced one of the supreme 
trllumpis of buraad gecid. 


CHAFTER XI 
THE PRINCIPLE OF DIFFERENTIAL Laws 

Taroueekout the theory of relativity, there iy an application, 
with increasing sitingency, of a principle which begins to make 
itself felt in physits with Galileo, in spite of the fact that be 
did net possess the mathomatical technique which it demands. 
The principle I mean is thet of *' differential laws,” as it may 
be called, This means that any connection which may exist 
bebween distant events is the result of integration from a law 
giving a mate of change at every point of some mute from the 
one fo the other. Ome may give a simple illustrating of a 
differential law from the " curve of purmit '': a man is walking 
along 2 straight road, and hie dog is ina field beside the road; 
the man whistles io the dog, and the dog cane towards him. 
We suppose that at aach moment the dog rons sracth towards 
where his master is at that moment. To discover the curve 
described by the dog isa problem in integration, which becomes 
definite given certain farther data. The Newtoaian law of 
gravitation gives a very smmilar type Of law, sxcept that it 9 
the acceleration of the planet, not its velocity, that is directed 
towards the som ateach moment. It has long been a common 
place of physics that its causa] laws should have this differential 
character: they should tel] primarily a temdency at sach 
moment, nok the outcome after a finite tis. Tt a word, its 
causal laws take the fon of differential equations, asoally of 
the second order, 

This view of causal laws is absent from quantum theory, 
frota the ideas of savages and uneducated persons, and from 
the wotks of philosophers, incloding Bergson and J. 5. Mill. 
fo quantum theory, we have a discrete series of possible 
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amiden changes, and a certam statistical knowledge of the 
proportion of cases in Which each pesibiljty is realized; 
bot we have no knowledge as to what determines the occorrence 
of a particnlar change in a particular case, Moreover, the 
change is not of the sort that can be expressed by differential 
eqtiations: jt isa change from a state expressed by ome integer 
Of seb of integers to a state expressed by another, ‘This kind 
of change may tum ont to be physically ultimate, and te mark 
OE at least a part of physics as povecned by laws of a new 
sort. But we ate nol likely to find sclence tetoming to the 
crode fon of causality believed in by Fijians and philosophers, 
of which the type is “lightning canses thunder.” [t can 
never be a law that, given aA at one time, there ig sure to be F 
At another time, because: something might intervene to prevent 
B, We 40 oot derive sech lags from quanta phenomena, 
because we do mot, 1p their casc, know thal 4 will not eontiowe 
thronghont the time in question. The natuml view to take 
at present is that quantum phenomena have te do with the 
interchange cf emergy between matter and the sorroundimg 
medimm, while continues change is found in all proceascs 
whith involve no such interchange. There am, however, 
dhifienities ib any view at present, and it is not for a layman 
to venture an opinion. It seems not itnprobable that, as 
Heisenberg sogeestt, of vinws of epact-Htoe ofay bave to be 
modifed profound)y before harmony if achieved between 
quantum phenomena and the laws of transmission of light i 
vacae. For the moment, however, I wish to confine mysall 
to the standpoint of relativity theory. 

Although physics has worked with differential equations 
ever since the invention of the calculos, geometry was mopoosed 
to be able to start with laws applying to finite spaces. Tf we 
accept the Elniteinian point of view, there cain oo Jonger be 
any acparition between geometry and phiysdes; every pro- 
Position of geometry will be to wome extent causal. Twke frat 
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the apacial theory. Hoalativaly to ames (x, y,2, 1) we can obtain 
Propositions of geometry by keeping ¢ constant; but relatively 
te other ayes these propositions will refer to eveoks at different 
times. It is tre that thesa events, in egy system of co- 
ordinates, will have a space-like interval, and will have no 
direct cansal relations with each other; bot they will have 
indirect coasal relations derived from 4 common ancestry. 
Let us take some coample, say: The som of the angles of & 
triangle is two right angles, Our triangle may be compared 
of rods or of light-rays. In either case, it most preserve a 
cartaip cogstancy while we meagure it. Both majg and light- 
TRYS ara complicated physical stroctures, and the physical 
las of their behaviour are involved in taking them as approx: 
imations to ideal straight lines. Nevertheless, eo far as ihe 
gpecal theory i concerned, all this might be allowed, and yet 
we might maintain a certain distinction bebween geometry 
and physics, the former being a set of laws supposed exact, 
and approximately verified, for the relations of the x, ¥, ¢ 
coHndinates in any Galilean frama when fis kept constant. 
But in the general theary the intermixture ef geometry and 
PHysice is Moore intimate. We cannot accurately reduce ds! 


to the Lari: 
dx, - ds,"— dx, —dz,3, 


and therefore we cannot accurately distinguish one co- 
ordinate a3 representing the titde. We cannot therefore 
obtain a timeless geometry by potling #, constant, With 
this gota a change in our axioms, We nie longer have, at in 
Enclid, in Lobatchevsiky and Bolyai, and in projective geo- 
mstry, axioms daaling with straight lines of finite length. Wa 
have now only, a5 our initia! apparatos, & geometry of the 
infinitesimal, from which large-scale reagolis ust be obtained 
by integration. Prom this point of view, Weyl's extension of 
Einstein appears netural, As we saw in the last chapter, 
quotiog Eddington, the statement that the distances 4H, 
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£0 are eqoel iy the assertion of a relation between the four 
points, A, B.C, D. Lf all the relations which constitute onr 
initial apparates are ta be conimed to the infinitesimal, 20 
rogst thigrelation: ifsc, 4, 2,0, 2 most all be cleae together, 
and Weyl's geometry results. 

AL this point, however, the pure mathematician Ja likely +0 
fest a difficulty which does not greatly trouble the physicist, | 
The physicist thinks of his infmitesimals aa actual small 
quantities, which may—w.F. in astronomical problems——be 
gach as would be reckoned later in other probkems. For him, 
therefore, & statement in berms of infinitesimally j9 qaite satis- 
factory. But for the pore mathematician there are np in- 
Snitesimals, and all statements in which they seam to occor 

must be expressible as 

4 e a limite of what happens to 
finite quantities. To take 
uc patticular case: We 
Mist be able to say of a 
—_— . gmiall finite quadrilateral 
ef that it is approxtmataly a 
parallelogram, if we ate to be able to assign a meaning 19 the 
statement that an infinitetimal quadrilateral may be acempadely 
a parliclogram. The case is exactly analogons to velocity 
melementary kinematics: We can aasign a meaning to velocity 
only because we can nreafdte finite distances and times, and 
sc form the conception of the limit of their quotient. It ig mat 
wholly clear how we are to satisly this requirement in the caat 
Of Weyl's theory. 1 think, however, that there ia not the 
slightest reason to suppose that it cannot be satisfied. Let 
“UR (a, 4,2, 2)" mean" 4, 6.¢,¢2 fotm a parallelogram.” We 
are pupposed to have also Riadeb), Ribedc), etc., bot oot 
Riechd}, etc. Also if we have Riabed} and Ricdef], we are to 
have Atwhje}]. Hut if we take “5 (a, 6, ¢, 4) to mean a, 5, 
é, 2 form an approximate paralielogratn," we cannot [il there 
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is any way of specifying a degree of approximation) argue 
from S(abed) and S(edef) to Sjabfs}. Now if we agggme, 29 
Weyl docs, that lengths at a given point are comparable, wa 
can perhaps give the necestary defritons. Wo shall bave to 
take 5, not 4, as our fundamental relation, since tho distance 
between any two points is finite, and it is assumed that m0 
finite quadrilateral can be accorately & parallelogram. Or 
Perhaps we shall hava to po a step forther, and take as fonda- 
mental a relation of sight pomte, say 


fadiod}F Lefg a), 


meaning “ated is more nearly a parallelogram than afgh.” 
‘We ghall then say that, given any four points, a, &, 4, f, it is 
Possible to find pomte ¢, dé nearer to } and 2 respectively than 
eand fare, such that 

(abed) T(ebfe). 


Further, we can say that, Ud 2, 4, ¢, ¢ are sufficiently near 
together, and tabed'\T tabed, 

then the ratio of da" io de can be made to approach zero a9 
a limit by diminishing the size of abed in a porely ordinal pense. 
(Grdinal relations among points, 23 we saw earlier, are pre- 
supposed in the theory of relativity} 

Ttas bighly probable that the abow: prooets Gan be simplified . 
It is, however, of oo importante to itecH; its only parpos is 
to éhow that the derivatives required can be correctly defined, 
and that, however the mathematical treatment tay confine 
itself to infmitesimals, relations between points whos distances 
are finite mogt be presupposed if the infinitesimal cabcolus is 
to be applicable. 

This last resolt, whose generality is obyvicus item the theory 
of limits, is of some philesephicalimportence, Wherever math- 
emetic’ works in & comtinucar mediom with relations which 
roay be Looeely deacribed ag next-to-next, there most be other 
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Trlations, bokimg between points at finite distances from each 
other, and having the next-to-next relations as their limits. 
Thus, when we say that laws have to be expressed by differ- 
enthal equations, we are saying that the bmite relations which 
occur camot be brought under accorate laws, pat only ther 
limits 28 distances are diminished. Wea are not saying that 
thest Limits are the physical realities; on the contrary, the 
Phisical realities continoe to be the finite relations. And if cor 
theory ig to be adequate, seme way moet be foond of eo defining 
the finite relations 25 to make the passage to the limit perteible, 

Tt is congidered a merit in the general theory of relativity, 
Particolarly in Weyl's form for the atill more general form 
tiggested by Eddington), that it dispenses with what we may 
call ‘in ted" relations ag magerds ity fundamentals. 
Thi Eddington, after pointing out that he is comeermed with 
SLrEcture, rot With substance, procecds [p. 224}: 


" But structure can be desorbed Lo some extent; and when 
réduéced to ultimate tenms it stems to resolve iteelf mbo o 
complex of relations. And forther these relalong cannot be 
entirely devoid of comparability; foc if nothing in the world 15 
comparable with anything else, all pans of it are abke in their 
nolikeness, and there cannot be even the moediments of a 
atrocture. 

“The axing of parallel displacement is the expression of 
this comparability, and the comparability postulated seems to 
be almost the motimum conctivable. Only relations which 
art chose tomethet—i¢. intetlocked in the relgtion-stouctore— 
art supposcd to be comparable, and the conception of aquiva- 
ence it applied to only one type ol relation. This comparable 
relation is called displacement. By representing this relation 
graphically we obtain the idea of location in space; the reason 
why it is natoral for os to represent this particular relation 
graphically does not fall within the scope of physics. 

" Thus cor axion of paraliel displacement is the ptomelrical 
gar of a principle which may be called " the comparatility of 
proximate relations.’ '' 
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Tt is obviows that, in the above passage, Eddington is 
artining displicements at a amall finite distance from each 
other, not at an infinitetimal distance: be isnot thinking of all 
the apparatus bovoelved in a procedure which replaces infni- 
tesimals by limits. One onight suggest that he ie supposing, 
é.g., that a footrule will not changs moch during the partion of 
a second required to transfer jt from one part of o given page 
bo another. Bret when we sey that jt will o¢t change “ much," 
we itoply some standand ef quantitative comparison other 
than the footrole; and this leads te the problema wa have 
been considering. 

T cannot bot think that Eddingtom'’s point of view lends 
iteef to development and further analysis BY means of 
mathematical Ingic: in particular, this applins to the conditions 
for the possibility of measuroment, @ subject which will be 
conekietred explicitly in the next chapter. But for the present 
my concern js with “ the comparability of proximate rektions.”’ 
To the fret place, what is meant by “comparability? A 
moment's refection shows that what is wanted is a syomme- 
trical transitive relation which each of the relations in question 
hag to some others, but nol to all. {It is assumed, in the 
frarticilar case of Eddington's general geometry, that when 
there is sath a relation of the interval 46 to the mterval a, 
there is also Fuch a relation of the interral ad to the interval 
dc. But this, at he adtoits (p, 226), is not esential.) Mow 
why should we suppose that 2 transitive symmetrical relation 
of the above sart is more likely to exist between pmall intervals 
than between large poeg? fz. if 4" is betreen a and 6, and 
e" between d and c, ia it more likely that the relation in question 
will hold betwen eh" and dc* than between aband de? Ido 
Hot see why we should think so. And I think further that, 
with a correct interpretation of infiniteslmals, the whole belief 
that oiutation mist abeays be irom mext-tonext become 
doténable uttless continuity if abandoned. Cause] laws mey 
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all be differential equations, bnt the grounds for thinking that 
they mre must be empirical, not @ prisei, They cannot be 
derived from the impossibility of action at a distance andes 
distance ttanl{ ia a detivative ftom causality, which may well 
be the case, but does oot represent any part of the views of 
thost who art anxious to dispense with action at 4 distance, 
It may well be, therefore, that there ig one department of 
phynics—that inchided in the general theory of relativity, ms 
sopplemented by Weylin which everything proceeds by 
differential equations, while there ia another part—that dealt 
with by quantum theory—ia which this whole apparatus ip 
inapplicable. There is absohitely no @ prior reason why every 
thing should go by differential equations, since, even then, 
emusation does not really po from next-te-next: in a contioumm 
thertis ho “oext.” Tt is, at bottom, becaued “next-to-next 
atts natural thet we likes a procedure of differential pqua- 
tens: but the two ate logically incompatible, and our preference 
for the s¢cond oo account of the frst proogeds only from Ingical 
con fogion. 


CHAPTER XII 
MEASUREMENT 


REPEATEDLY, in previous discussions, we have come up againat 
the problem of measurement. Tt is tio to consider It on its 
own secmunt, both Tew itis to be defined, and in what cirgom- 
stances it is possible, 

Tn the first place, what do we mean by measurement t 
Clearly we da s¢f mean dey method of assigning numbers to 
a collection of abyects: there must be properties of importance 
connected with the natubers aatigned, We do not say that 
the books in the British Mosenm are " measured " by their 
presmarks. Given any collection whose cardinal number is 
ess than or equa] to 2%, we can 2esigy some or all of the real 
nombers as " presg-marke‘' of the several members of the 
collection. Given any collection of at terms, it can be 
arranged in a Buclidean or not-Euchdean space of any known 
sort with any finite number of dimensicns, and when so 
arranged it will be amenable to the whole of metrical geometry. 
Bot the " distance * between too term of the collection, when 
it is defined in this way. will, in general, be quite onimportant, 
in the sense that it will have only guch properties aa follow 
tautokogically from its deimition, not such forther eppirical 
piopertics as would make the definition valugble. So long 
as this is the case, there is no reason to prefer one to another 
ef the various incompatible systema of distances which pore 
mathematic would allow us to sasien. 

Let us take an illustration. In projective geometry we 
atart from a set of axioms which aay nothing about quantity, 
and do not even oboously involve order, But it is fond that 
they do lead te an order, and that, by means of the onder, 
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co-ordinates can be asngned to points, These co-ordinates 
have a definite projective megning: they represent the series 
of quactrilatera? constructions required to reach the paint in 
question ftum certain given initial pomta, [1 omit com- 
Plications conceming limits; thean are dealt with in the chapter 
" Projective Geometry’ in Tae Principia: of Mathematics.) 
in this cage, it may stem doubtful whether we have measure- 
met or ost, We have aaaigoed co-ordinates in & manner 
which pragerves the order-relations of points, and it turns opt 
that the onlinary distance between two points is a simple 
fonction of their projective oq-ordinates, though the function 
it Sooewhat different according as space is Enclidean, byper- 
bolic, or flipie, Tt is just because of this ciffereoce that we 
shall wet say we hove “ memsured '' distances whim we have 
introduced projective co-ordinates. These co-ordinates, for 
example, Will not tell us, even approximately, bow jong it 
would take to walk from one place to another, and this ja the 
sort Of thing that measurement coght to tell us. 

What, then, is meant when jt is anid that, in the theory of 
relativity, there isa mstrical relation of interval * = Let us take 
up the matier at the point where Eddington leaves it. He 
sopgedts that all that is geeded is " cumparability " between 
berg point-pairs, or, 24 he sayy, between two " displacements.”” 
MWe may leave aside for the moment the question whether this 
is ooly to bold for point-pairs which area vory near together.) 
This language seoms somewhat vague; let os bry to give it 
preciiion. 

Soppose that bebween two pooot-pairs there is somelimes, 
but sot abwayn, a eymmetrical transitive relation 5. Then 
we can deafme as“ the distance between x andy" the clase of 
all point-pairs having the milating 5 to (zy). if mow instead 
Od {ier LS bere) wee write ayo ee, wo shall bhava: 

Ti ye ne, thet roe xy) 
TE ay oe ed ie a, Che ee 
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From these two it follows that every pair of objects x, + im the 
Hebd of 5 is auch that 
yo ey, 

This seems to be ae mpc) a4 is strictly Implied by Eddington's 
words, but it is certainly not al that wea need. Nor does it 
become sofficient if wa add: 

TE a4) rte, then eee yar, 
There must be @ connection bebwern distances and ordinal 
relations, there must be ways of adding distances, and there 
must be ways of inferring mew cistances from 4 certain number 
of data, as in dete tyes, TE all these conditions are 
fulfilled, we can then proceed to ask whether our distances have 
any further umpottant physical propertics. 

The ¢oct of relation that will not do is ilhostrated if we 
take sy— ine lo mean that ty and ee have the same apparent 
dimensions in the visual Geld of a certain obearvec—ay. the 
Qiameters of the sgn and men will appronimately have thik 
relation, which is symmetrical and transitive, but physically 
Toimporiant. Let ua see what is necessary mm order to pet 
a definition of distance which will have as many a9 possible of 
the properties potseseed by distance in elementary geometry. 

Howe conéne onrselves to three dimenwions, We con at once 
define @ plane: it will consist of all points equidistant from two 
given points. The points in this plane which are equidistant 
from two given paints in it Jie on @ straight Une; we may take 
this ag the definition of a straight lime. Thus given wo points, 
2, @, we can define the middic point Woof PO: it is che pomt 
on PG which is equidistant from P and ¢. We shall need an 
axiom Lo the effect that this point aleays exist: and is always 
upigce, Thus we can halve distances and double them: we 
shall of course deine PAD os balf of A. From this point 
oowilds, the athigroént of ptomerice] meastifes to oor distances 
offers no difieutty, 1t [s therefare only necessary to acritimine 
what bas already been said. 
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Tn ordinary Euclidean geometry, there is exactly one point 
on a plane which is equidistant from three given pomts on the 
Plans; it ié the centre of the circumscribed circle. In three 
dimensions, there ia que point equidistant from four given 
pointe; in Jour, from five. This bast bolds also in the spoil 
theory of relativity, and ever in dhe general theory oo long as 
the distances concerned are etnall, [i we take a point (ajz,, 
Aart OX, ey) eat Che origin another paint (ds), bs, €or} 
13 equidistant from this point and the ocigin if £2,.43,4¢,¥.= @,1" 
(where the 7. hawe their values at the ore), which i simple 
equation in dx,. Four such equations give a unique set af 
valoes for (dt,. @x,, dx,, dz,). Thus there js just ome point 
equidistant from five given poimts clesa together, Moreover, 
a siople egoation, which wt may take to be that of the part 
of a plane near the origin, gives the locus of pomls near the 
origin and equidjsiant from jt and a neighbouring point, In 
fact, na we should expect, for umall distances everything pro- 
ceeds at in thomentary geometry, given the formula for dst 

But the meéfé ateumpboo that there is such o relation as 5 
betreen point-pairs docs not yield these resulta, since it does 
not imply the interrelation of distances which is given by the 
formula for da") Nevertheless, it does suffice theoretically a3 
a basis of measurement, since, as we have seen, it enables us to 
halve distances and double them, and therefore to assign 
numbers to them. This shows that the geometry of relativity, 
eren in its moét general and abstract fom, assnmets & pid 
deal more than the mere possibility of measurement, which, in 
itself, is of very little value. Ino itself, it dots oot lead to 
a geametry;: this only resolta when there is some intercon 
nection between diferent messeres. 

Tt may be asked whether, when the geometry of relativity is 
generalized to the wimost, amy gesomely quantitative aleomt 
remains io its formule. We start with an ordered four- 
dimensional manifold, and we assign co-ordinates subject to 
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the sole resitiction that their order-relations are to reproduce 
those of the piven manifeld, We then proceed to find formule 
{tensor-eqnations) which bol] equally in al] systems of co- 
ordinates satisfying the above condition. It might seem a 
posibility that such formole really express only ordinal 
relations, aod that the sole advantage of co-ordinates lies in 
the fact that they provide names for the terms of a manifold 
of the required sart, {They do not provide names for 2i! of 
thom; thanomberof nemogis kp, and therefore oniy a vanishing 
propertion of real nomber can be named—i.s. expressed by 
mtans of a formula of finite complexity which employs 
integers.) This possibility requires tmvestipation. 

The problem can be discussed eqoslly well in te'o dinimsions. 
In Gavis's theory of surlaces, a sphere and an ellipsoid, #¢., 
are distinguishable by the fact that there is an itteducible 
difference between che formule fer as" which hold for the ten 
surfaces When expressed in terms of two co-ordinates; this 
eupresecs the fact that the measare of curvature is constant 
in the cast of the sphere, but not im the case af the ellipsoid. 
Yet from a purely ordinal point of view, such as that of 
analysis situs, the pro figures are indistinguishable. What, 
exacthy, ig added to make the difference * This problem is 
esentialhy the same os that which arises in the general theory 
of relativity. 

In part, the answer in this case is sitople. What js added 
té the comparability of distances in different directions. 50 
long 28 Mu apparatus is purely ordinal, we can say of three 
Points which have the order ABC that 3 iz nearer ta 4 than 
C is, but we cannot aay anything analogous of three points 
which are wet in a Tow—I do not sey “in a straight line,” 
because the concept involved is more general, as will appear 
Tater. But although this ts part of the answer, it does aot 
apem to be the whole, since our relation 5 also enabled os to 
compare distances not having @ common origin. 
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Tt seem that #hal distinguishes distance ag required in 
geometry from such a relation a9" subtending a given angle 
‘at a given point " i9 the absence of ceference to anything 
extemal. When the distance between two points is equal to 
the distance between two others, We art sopposed to have a 
fact which does not detoand reference to some other point or 
points. In fact, this is the reason why the “ interval has 
Been substituted for distance: the fatter, aa hiherto com- 
ceived, was found to depend upon the motion of the co-ordinate 
frame, and thus to be not an intrinsic geometrical relation. 
The distance, if it is to serve jis purpese, most be a function 
af the two paints exclusively, and oust not invalye any other 
geometrical data. Here, forrelativity purposes, " peumetry * 
inchides “ kinematics.“ The angle which two points soubtend 
at a given point becomes a fonction of éAre: pointe a5 soon a5 
the given pomt is thought of as variable. There must be 
Ir soch way of turning the distance between tro points into 
& fancthom invelving other variables also. 

T am fot sore, however, whether it is petessary to introduce 
this gamewhat difficult consideration, In ordinary geometry, 
the poms at a given distance from a given point lie on the 
gurface of a sphere; but if we define the distance PQ aa the 
angle POG, where O ig a fixed point, the points at a given 
distance from F lie ons cone. Now a sphere and a cone ars 
Mstingushabl: in aealysit ins. Thos the above undesirable 
definition could be excluded by insisting that points at a given 
distance from @ given point are to form an oval figure. In 
réeladvily theory, this le oot true of points having zero interval 
jrom 3 given point; indeed, it is only truc when the interval 
concemed is space-like. Bot it is possible to specify the 
characteristics, for enahyarts situs, of the three-dimesional 
surface of constant distance from a given point, These might 
be added to the postalate that distance exists. Whether, in 
some auch way, we could oveccom: the appar necessity for 
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distinguishing between a sphere amd an ellipsoid, making the 
differance relative to the definition of distance, I de not fee] 
sure, thengh obviously the question must be easily solobke. 
Every piincipk of measurement which is to be used in 
practice must be such that important empirical lows ore 
connected with neasores, There will abrays be on infinite 
nomber of ways of correlating numbers with the members of 
a class whose cardinal member is lesa than of aqual to 2M. 
Some of thesa may bo important, but most most be onim- 
portant. §$ome conditions can be Isid down. In the first 
Place, tha members of the class concerned may be cbvicwsly 
capable of an order which is tansally important. If we take 
all the patches of colour that é¢vtr have been oc mill be per- 
ceived, they have in the first place an onder in space-time, 
which is obviously important causalhy; in this onder, no two 
of them occupy the same position—.z, the relations concerned 
are all asymmetrical. But they have alsa an order as shades 
of colour and as of varying brightness. In this order there are 
symmetrical transitive relahione—r.g. between two patches of 
exactly the same shade. Physics poofesscs to cornelate also 
these forther characteristics of colours with spatio-temporal 
quantities such as wavelengths. This woukd oot be plavsible 
if continwoos alterations of quality were not correlated with 
continuous alierations in the correlated physical quantities. 
Whenever we notice a qualitative series, auch as that of 
colours of the rainbow, we assume that it mast heve cotsal 
importance, and we insist that numbers used a3 measures shall 
have thesame order as the qualities which they measure, The 
former ig & pottalate, the latter a convention, Both have 
proved highhy gaccessful, bot neither js an of free oeessity. 
There are orders which sre obvionsh of no cansal im- 
pottandt—<.g. alphabetical oder among human beings. 
Homan btings, like eclours, have various orders that are 
Camelly itnpertiond—the spce-Hioe onder, order of height, 
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weight, Income, intelligence aq measured by Professor K', 
teste, etc. But alphabetical order woold never ba thought 
important; ne one wookl hope to food a biemetric calenhus 
upon a system in which a human being had co-ordinates 
depending upon the alphabetical order of hisname, Generally 
speaking, it wonkd seem that the simplest relations are the 
frost important. Here I am osing a purely logical test of 
aimplicity: taking propositions in which the given relation 
eccors, there will be stme having the amalinst number of 
tonstitheats compatible with the mention of that relation: and 
again, a relation may be a opolecdlar compodnd of other 
Félations—t.4. a disjunction, conjunction, negation, or anupkes; 
ol all theses, A relation which is molecular has always a 
certain definite number of atom; a relation which is not 
molecolar is called atomic, and has then a definite number of 
terms in the simplest propositions in which it oocur, An 
atomic ralatjon js simpler jn proportion te the fewness of its 
tons; @ ootecular relation, in proportion to the fesaess of its 
atoms, There it mech eaopincad tease to think that the laws 
of a science become more important and cotmprebensive a the 
relations involved become simpler. The relation af a man 
to his name i3 of immense complexity, whereas we may suppose 
that the relation upon which interval depends is fairly simpte, 
And the qualitative ocd of colows alluded to above is abo 
siopk:, 69 keg os We ate thinking of colours as given io por- 
copiion, Oot as interpreted in physics, Such simple relations 
abould, es far as possible, be the basis for systema of meesure- 
ment. 

There 1s 4 traditional dlatinction between extensive and in- 
tensive quantities, which ja somewhat misleading when tole 
monly, The theory is that extensive quattities are cott- 
posed of parts and intensive quantities are not. “The only truly 
entamave qiantities are oorobers and classes. Where finite 
clans af Concéti|ed, the number of theic ten may be taken 
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a3 & measure of them, and they have parts corresponding to ail 
scoaller numbers. Bot io geometry we are never concamed 


with quantities whjch have parte. The number of points in 
# volome, whether large or small, is abays 2h in the wal 
kinds of geometry; thus magnitude has nothing to de with 
fricober, Interval, as we have seen, isa oclation, and smaller 
intervals are net parts ofit. If df and AC are equal intervals 
in a strayght line, we say that the interval AC is double of 
each, and we think of itas the “sum"'of ABand BC. But it 
is only by a convention, though an almost irresistible one, that 
we assign as the measure of AC a nomber double that which 
we assign aa the mesgore of AZ or of BO. And to say that 
AC is the “sum” of AB and BC is te say something very 
anibiguous, since the word "gum has many meanings. When 
43 and BC are considered a9 vectors, we tay say that Ac ig 
theit sum even when they are net in one straight line. Aguin, 
given suitable definitions, we may aay thal the paints hatween 
A and ¢ are the com jin the Ingical sense) of che points betwsen 
4 and B, and between # and (; this will only hold if ABC is 
a Straight lint. But the distance between 4 and ©, considered 
45 a celation, is net properly the “sum,” in any mcognized 
feos, of the distances AB, BC. Thus all geometrical goanti- 
ties ane intensive.” Thin shows that the distinction of 
intensive and extehsive is onumportant. 

Tn connection with interval, it ia worth while to compare its 
formal characteristics with those of similarity. We saw that, 
in the generalized geometry with which Eddington ends, we 
want a elation ofinur neighbouring points, expressing the fact 
that they form a parallelogram. But wa met with certain 
diffcotties owing to the fact that this is only supposed to be 
fersible for ant infmitesumal qoadtilateral, which is a fgmont 
Of the mathematical imagination, and that it was not wholly 
eany te see how to substitute a procedure by means of limits. 
We were led te the suggestion that, ingtead cf saying " ahat 
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isa parlldogtam,” we should have tagay " abcd is more nearly 
a parallelogram than aga.” Perhaps this could be somewhat 
simplified. Suppose we say: “ whed" is more nearly a parnl- 
Intogram than ated." And perhaps this coubd be still further 
simplified 5G a5 to take the form: “ca" is more Like ba than ad 
i,” We bere suppose that between aby two points thet: is 
a relation, which we will oot call distance, but (say} “ scpara- 
tion,” and that this relation, like a shade of colour, is capable 
of a greater or less resemblance to another of the same kind, 
In a Euclijean space, two finite separations finitely separated 
may be exactly sumilar in the relevant respects; we then hava 
a Gmile parallelogram. But in the generalized geometry that 
We are considering, we shall say that no two separations are 
a teactly alike, though ibey 
Pid are capable of indefinite 
Approximation to exact 
bkenets. Let is see bow 

far this will take wy. 
in the cage af similanty, 
é c we have a relation which is 
capable of dagrees.and may be called “ qiasi-transitive "—1.0. 
if Ais very like 3, and # is very like C, then 4 must be rather 
Ike C. ‘This ts post the sort of thing required for Weyt's 
geometry. Consider four points, ¢, 4, c,d, and suppose that 
aéisratherlikerd. Takeasenes of points forming 4 conlingous 
Toute imam ¢ to 4, without loops; this can be done by purely 
onimal methods to be explained later, Suppose that among 
these points there are some, 3uch ag 0’, which make af more 
ike ab than ed is, We may sopposs that these points have 4 
Limit or last term, which we will call df’. We can then similarly 
proceed along ad" to a point 2° which gives ca” more Hike ab 
than for any other point on ad’, We have then dogs onarly an 
well as possibh, if not qoite, with the three pots ¢, 6, coax 
starting-points. By means of snitetic postulates, we could 
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jmsore that a comstraction of the above sort, carried cut 
repeatedly without changing the points a, b,c, should at last 
end with a definite point d, gech that of, is mora like of than 
any other distance from cis. We may call the figure abel, 
a ‘‘quasi-paralletogram.'' Mow let 5, ty. ... My... be 
ageries of points on afoulelromabtod. Then proceed to lake 
pointe y. ¥_ 2. between d and ¢ on some route, and dorm 
the quad-parallelogranis having one corner at #, oom corner 
at *#, and ona at ¥,, the fourth being called 5. li, as Wayl 
assuye9, infinitesimal distancas which beve one end in common 
are comparable, this must be taken ta mean that bro gmall 
finite distances are capable of a resemblance which may be 
called ** quasi-equalily,” 
which grows more nearly 
complete resemblance 

at the distance gross 
amailer, We may a 
smme, a5 before, that, 
given a ptint = and -% 
a definite mute irom 

b toc, thete wi be 7 % SX 
out definite pont ¥, on this rote soch that by, is mort 
nearly equal to da, than if any other distance 4) an (he 
Foote in question. We shall thea say that ox, and by, are 
“quasi-equal.” Take algo 2%, 2%) -.. QUasi-cqual, and 
Yuva Fave) - Quasi-equal, In this way we can comsiract 
a co-ordinate mech with aves dz, dc. AnG we can now oor 
struct what wall be in effect straight lines throvgh 4: take all 
the points s which ars the comers opposite to f of quasi- 
pafallelogtames t2,2%,, for different initial points x,, ¥), subject 
to quasi-equality Between ba, and 4y,. These points may be 
Tegarded as forming the quasi-straight line whose equation is 
afmereyie. Unrationals can be dealt with by the usual 
methods.) This qussi-straight line will atart irom 4 in a 
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certain direction, and may, for differential purposes, be re- 
garded as really a straight line. It if oot worth while to 
proceed) farther, since jt is obviows that we have the necessary 
material, 

Degrees of similarity may be, in a sense, msaguted by quasi- 
transitivencss, Suppose that da, duty. Fey --. cach bave 
quasi-equality with the next. It may or may not happen 
that bx, has quasi<quality with +3,,. One may presume that 
this will happen if dx, arid 4), are very small and « ia not very 
large. Simuariy, or rather « forfort, we cannot infer thet 
ba, has quasi-equality with by. The langer the value of m 
for Which such an miference remains true, the choser ie the 
retemoblance bebeten fe, and &),, of between fe, and yi, 
It is to be atsumed that, by cootinually diminishing dx, and 
fy,. the number of steps for which the mierence is permitted 
can be increased without finite limit. 

If the above is in any degree valid, it would seem that, if 
Space-time i9 contingous, spatio-temporal measurement de- 
pends theoretically upeo qualitative similanty, capable of vary- 
ing degrees, between relations of pairs of points. It is not 
sugpested that the analysis cannot be carried farther, but only 
that this is @ valid stage in the process uf axrplaining what i9 
mitant by the qiantitative character of intervals and by their 
THASSUTAment a5 Dumerical multiples of omits. 
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MATTER AND SPACE 


COMMON sense starts with the notion that there jy matter 
Where We CAN fet schsations of touch, but net clecwhere. Ther 
it gets poszled by wind, breath, clonds, ete.. whence it is led 
to the conception af“ epint ''—I speak etymologically. Alter 
“ gpoit “ has been replaced by “ gas," there is a further atage, 
that of the ether. Assoming the continuity of physical pro- 
cegges, there must be things happening between the earth and 
the sun when light travels from the gun to the earth: assominge 
the medizval metaphysit of " substance,” as all physicists did 
notil recentiy, what is happening between the earth and the 
Bun must be happening “in or" to a sibetanes, which is 
called the ether. 

Apart from metaphysical interpretations, what we may 
be said to know fusing this word somewhat liberally} is that 
processes occur where there io no gross matter, and that these 
PYOCeESEE proceed, at beast approximately, in accordance with 
Maxwell's equations. There dees not seem any necessity to 
interpret Unese procesece in ten of substance; indeed, I shall 
argue that processes associated with gross matter should also 
be mterpreted so as oot to involve substance, There oust, 
however, remain a difference, expressible in physical terme, 
betwrea regions where there {5 matter and other regiens. In 
fact, we lorow the difference. The law of gravitation is dif- 
ferent, and the laws of electromaguaticm soffer a discontinuity 
when we ceach the suriece of an electron or proton. These 
differences, however, ate not of a mataphysical kind. To the 
phiksopher, the difference between “ matter and “ empty 
apace “ia, I balieva, oerely a difference as to the cousal laws 
FArVEMing successions of events, mot a difference expressibls 
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a5 that between (he presence of absence of subsbunce, or os that 
bebwten one kind of substance and another. 

Plysies, as aoch, should be satisGed when it has ascertained 
the equations according to which a proces takes place, with 
just enough interpretation to know what experimental 
evidence ponfirms or conjutes the equations. It is ont 
tittessery to the physicist to specolate as to the concrete 
character of the processes with which he deals, though hypeo- 
theses (false as well as true) on this subject may sometimes be 
a help to further valid generalizations. For the present, we 
atc conining ourselyce to the standpoint of physics. Wether 
anything further can be known or fittglly conjectored js a 
matter which we shall discuss at a later stage. We want, 
therefore, to consider the difference in pirysical formule which 
18 described as that between the presence and absence of 
matler, and also to consider briehy the difhcullies as lo the 
interchanges of ancrgy between matter and empty space, | 
aay empty space or “ether” indifferently; the difference 
anes ta be merely one of words. 

Gos way of approaching this subject is through the con- 
nection of mass with enerey.* To elementary dynamics, the 
two are quite distinct, but nowadays Lhe, have become 
amalgamated, There are Poo kinds of mass involved in 
Physics, of which one may be called the "invariant '' mass, 
the other the “relative mags. The latter is the mass ob- 
tained by measurement, when the body concerned may be 
moving relatively to the observer; the former ia the maa 
obtained when the body is at rest relatively to the observer. 
i we call the invariant imads i and the relative mast A, then, 
taking the velocity of light ag unity, itu is the velocity of ihe 
body relative to the observer, we have: 

m 
afm at —ue 
* See Eddiogeos, a, cil, tad, 1, 14. 


MATTER ANT) SPACE 13 


Thus Af inorreses as 0 increises; ji vis the yelocity of light, 
Mf becomey (einjte if mis finite. In fact, the invariant tas 
of light js zero, and its relative massjsimiis. Wherever energy 
ip aesociated wath matter, there is a forte invarjant mas3 1; 
but whete cheney iin “empty space," tia zero. This might 
be regarded a5 a definition of the diflerente betwom matter 
and empty space. 

Te will be seen that, ify is small, $0 fat i“ and higher powers 
car be neglected, the above equation becomes approximately 


AT = 94 + jp. 


Now dct is the kinetic anergy. Thus the change of M with 
Changes of motion is the same as the change of the kmetic 
energy. Bet energy is fixed only to the axtent of its changes, 
notin its absolute amount. Hence MW may be identifed with 
theencrgy. And this suggests further that the usual definition 
of chergy is only anh approximation, which odds wheo oc is 
small, The atcorate fotmula for energy i3 


rm 
vinw 
—i.. accurately the same as Mi, 

The conservation of energy if the conservation of AY, oot 
of ae; malecis approcimately conserved, butnolexactl. £2. 
there is a loss of em when four protons and two electrons com 
bine to Jorma helium nucleus. The term " invariant ' refers 
to changes of co-ordinates, not to constancy throughout time. 

It is necessary to say something about the dificuities of 
reconciling the laws governing thea propagation of light with 
those governing interchanges of energy between Light and 
atoms. (mn this subject the preset position af physics ia oor 
of perplexity, aptly smomarized by Dr Jeans in Atomicity cad 
Quanta (Cambekige, 1g26) and by Dr C.D. Ellis in Waters, 
Juns 26, 1926, pp. Boge. The wave theory of light accounts 
wileqweteby for all phenomena in which only Light is comcemed, 
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sath as interference and diffraction ; but it firs to account Jor 
quantum phenomena such as the photoelectric effect [eee 
Chapter IV}. On the other hand, theories which account for 
the quantum phenomeoe seem nunable to account for the very 
things which the wave theory explaing perfectiy. 

Some of the difficulties of tha iight-qnantumy theory are get 
forth a5 follows by Dr Jeans (ef. cit. pp. 29, 30): 


"Tl, however, radiation is to be compared lo rifle bullets, 
we kine? both the number and size of these boljets. We kno, 
for instance, how much ¢oergy there is in a cobic centimetre 
of bright sunlight, and if this energy is the ageregate of the 
energies of individual quanta, we know the energy of cach 
quantum (tioce we know the frequency of the light} and 30 .can 
calootate the number of quanta in the cubic centimetre. The 
muni ber is found to be about ten millions. Hy a similar calenl- 
tion it is food that the light from a sixth magnitude star 
cum prises only about one quantum pet cubic mehr, and the 
light (roma sixteenth magnitude star, only about one quaktuto 
per ten thousand cubic metres. Thus if fight travel in 
indivisible quanta like bollets, the quanta from a sixteenth 
magoitude star can eoly enter & terrestrial telescope at com- 
paratively tare intervals, and it will be exceedingly rare for 
bro or more quanta to be inside the telescope at the same 
time. A telescope of doubia tha apertore ought te trap the 
quanta Dour times as frequenth, but there should be oo other 
difference. This, a Lorentz pointed out in 1906, 74 quite at 
variance with our everyday experience. When the light of a 
atar passes through @ telescope aod jmpresses an image on o 
photographic plate, this image is oot confined te @ single 
ordecuke of to 2 close closter of molecwkes as it would bt if 
individual quanta left their marks like bulletsona target. An 
@aborate aod extensive difiraction pattern is formed; the 
intensity of the pattem dapends on the tucaber of quanta, but 
ite design depends on the diameter and also on the shape of the 
cbject-giass. Moreover, the design does not bear any ce- 
semblance whatever to the * trial and error’ design which is 
obeerved on & target battered by bullets, [t ssems impossible 
to reconcile this with the hypotheds that quanta travel like 
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bullets directly from one atom of the star to one molecole of the 
photographic plats.” 


The difficulties of thea wave-theory, on the other hand, are 
Wnstrated by Dr Elis os follows: 


“To take a definite case, soppore X-rays are inckient on 
4 plate of some material, then it is found that electrons ate 
ejected ‘from the plate with considerable velocities. The 
nomber of the electron dapends om the intensity of the X-rays 
and diminishes jn the wiyal way ag the plate i¢ moved farther 
from the soorce of M-rays. The velocity of energy of each 
electron, however, does net vary, but depends onky on the 
frequency of the H-rayé. The electrons are food te have the 
sant enérey whether the material from which they come is close 
tothe A-ray bulb orwhether it is momoved away toanydistance, 

“This is a Tesdlt which 35 quite incampatible wilh the 
ordinary wave-theary of radiation, becaus: as the distance 
from the source increases the radiation spreading cut on all 
sides becotes weaker dod weaker, the electric forees in the 
ware-front diminishing a4 the inverse squere of the distance. 
The experimental result that tha photoelectron always picks 
pp the same amoont of energy from the radiation cook only 
be actoonted for by giving it the power either to collect enetey 
from a jarge volume or to collect enetgy fora long time. Both 
od these aasumptions ate wowirkable, and the only conclusion 
43 (hat the radiated energy ovast be localized in small bundles. 

© This is the basis of the light-quantum theory. Light of 
frequency * ia considered te consist of small bondles of quanta 
of egérgy all Mentical and of magnitude ®, & being Planck's 
constant. These qaanita travel through space, being unaflected 
by each other, and preserving their ewn individuality antil they 
make @ suitable collision with an etom.” 

Alter setting forth the difficolties encountered by this theory 
in regard to interferences and diffraction, Or Ellis proceeds to 
the very interesting suggestion mace by Professor G. N. Lewis 
in Nature, Pebouary 13, 1908, p. 490. [tis a atrikimg fact,” 
gays Dr Ellis, summarizing this suggestion, “ that while all 
the theories are directed towards axplaining the propagation of 
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light, one theory suggesting that it oecurs im the form of waves, 
the other in the form of corpmscles, yet light hag never been 
eheserved in empty space. It is quite imposible to cbeerve 
light io the coorse of propagation; the only events that can 
ever be detected are the emission and absorption of light. 
Until thers is some stom to absorb the radiation we must be 
noawart of ite cxistenct. In other words, the dificalty of 
exphiiniog the propagation of light may be because #t arm 
endeavouring io taplam something about which we have oo 
experbivental evidence. Tt might be more correct to mtetpret 
the experimental facts quite directly and to say that ome atom 
can transter energy to another atom although they may be 
far apart, ina manner analogous to the transference of energy 
between tro atoms which collide." 

Professor Lewis's theory suggest: that we should take 
seniowsly the fact that the interval between two parts of a 
light-tay is zero, to that ile point of departure and ite point 
of arrival may be regarded a3, in some sense, in contact. Tn 
a passage quoted by Dr Ellis, he says: 

" T shall make the contrary assumption that an atom never 
emits light except te another atom, and that in this process, 
which may rather be called a transmission than ah emission, 
the atem which loses energy and the atom which gaing energy 
pay co-ordinate and syumectrical parts.” 

Tn a latec letter to Nature (December 18, 1426), Frofessoc 
Lewis suggests that light is carried Dy corpuscles of a new sort, 
Which fe calls “photens.” He suppests that, when light 
radiates, whal happens is that a photon travels: bot at other 
times the photon ia structural element within anatom. The 
photon, he says, “is net light, but plays an essential part in 
every process of radiation.’ He assigns to the photon the 
following properties: ‘" (7) In any isclated system the totel 
nombetr of photons is constant, (a) All radiant energy is 
eared by photons, the anh difference between the ragdiaticn 
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finoth & wireless station aod from an X-ray tube belng that the 
former emits a vastly greater nombet of photons, cach carrying 
@ Very moch smaller amount of cocrgy. (3) All photons are 
intrinsically identical... . (4) The energy of an isolated 
photon, divided by the Planck constant, gives the frequency of 
the photon. ... (5) All photons are alike in one property 
which has the dimensions of action of of angular momentam, 
and is invariant to a relativity transformation. (0) The 
condition that the freqoeney of a photon emitted by a certaim 
system be equal te some physical frequency existing within 
that system, if not in general fulfilled, but comes nearer to 
fulfilment the Lower the frequency i¢.‘ Professor Lewis 
promiseé to deal with difficulties in the way of his hypothesis 
On @ Future occastin. 

Professor Lewis's view iz perhaps less radical than the view 
which it suggests—namely, that nothing whatever bappets 
between the emission of light by one atom and ils absorption 
by ancther. Whether this view is Profegsor Lewis's or mot, it 
deserves to ba considered, for although it 5 tevelutionary, it 
may well prove to be right. [Ti so, “empty space" is 
practically abolished. Theres will be need of a comserable 
labour if physica js te be re-written in accordance with Eis 
theary, but what is said about the neoetean absence of 
evidenct concerning Light m transit is a powerful congideration. 
it is common in science to Bod hypotheses which, from a 
theoretical point of view, are unnecessarily complicated, 
became people cannot suficiently divest themselves of common- 
pense prejadices, Why should we suppose that anything at 
all happens between the emission of Hight and its absorption ? 
One might be inclined to attach weight to the fact that light 
travels with a certain velocity, But relativity bas made this 
armioent lets convincing than it ones was. Everything that 
has te de with the velocity of Light is capable of being inter- 
preted jn a" Pickwickian " pense, and in any case oor pre- 
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jodices must be shocked. It is of count prematore to adopt 
aach an hypothesis definitively, and J shall continuc to suppose 
that light does really travel across en intervening region. 
Bot it will be wise to remember the possibility, and to bear in 
mtd the great changes in our imaginative picture of the workd 
that are compatible with our existing physical knowledge. 

The picture preatoted by this development of Professor Lewis's 
Fuggestion would be something like this: the workd contains 
bits gf matter (electrons 2nd protons) possemting Wis 
amounts of energy. Sotacborts coeney os transierted from ont 
at these bita of matter to another: wsoaily thie process has been 
thought to ba cumal, like the wandering of thistledewn, bot 
it ia found to be more like the parcels post, in the sense that 
the comgy has a defmite destination. [tis now suggested that 
ther is oo postman, because, if there were, he would ba as 
magical as Santa Clans; the altemative is to suppose that the 
Sher ey pisces iromediately from one piece of matter to another. 
Tt is trae that, by the clock, there is 4 lapse of tio between [the 
departure of the energy from the source and its arrival al its 
destination, But there lana interval in the relativity sense, 
and the lapse of time will vary according 16 the co-ordinate 
system emnployed—i.e. according to the way in which the clock 
in moving. | do not know how the view we are considering 
will acconnt for the time taken by a double journey to w re- 
fiector and) back, which is net purely conventional Nev del 
lon what will happen to the conservation of moerey Lf Nght 
earmct be madiated into the void. This latter argument, 
however, 1 not serous, since light which never bits 2 piece of 
matter is in any case purely Dypothetical, I am not sore, 
either, that the theory is intended to be as radical as ] beve 
soggeated ; perhape jt ia only meant that light never starts on 
& jourmey withevt having « destination in view. In thia form, 
however, the theary wenld seem scarcely credible: we should 
bave to suppose that rmoalter coukl exercise a mysleriong 
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attraction ftom 4 distance, which woukd undo the pain derived 
from Einstein's theary ol gravitation. Perhaps the theory may 
have gained undue plausbjlity from a belief that the whole 
gédmetey of epace-time depended tipom miatval, whereas in 
fack there is a space-time order which is not derivable from 
interval, and which, as presepposed in relativity theory, dees 
not regard as contiguows parts of a light ray which would 
ordinarily be regarded az widely eeparated.* Parhaps it may 
be posaible to avoid these dificualties, but, of so, a very great 
Theoretical recorstractin will be necessary. Meanwhile jt 
must be regarded as still possible that some lesa revolutionary 
theory may solve the difficulties connected with the inter- 
change of energy between light and bodies. 

There are three papers by Eingtein which distess the possl- 
bility of obtaining quanticg jaws as consequences of a modified 
relativity theory.t These papers do not arrive at guiy definite 
conclusion confidently asserted; but they suffice to show that 
the problem of combining quectom laws with those of grevita- 
tional and electromagnetic fields is not a hopeless one, a view 
which is strengthened by Mr L. ¥. Eing’s theory alluded to 
above (Chapter IV}. Se Jong as it isnot lope 10 be hopeless, 
it ip pérhapé rash to By to hersic solutions of the problem. 
And rt ie at yet Dy no means universally admitted that the 
wave-theory of light is inadequate in its own domain; Dr Jeans 
(ioc. cit), for example, regards the hypothesis of light-quanta as 
unnecessary for reasons whith demand serious consideration. 
We most therefore await further knowledge before venturing 
upon & definite opinion. 

Rn ee 
problem? Sibeongeberichte Prruicbe Aleem! der Wee 
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CHAPTER XAl¥ 
THE ABSTRACTNESS OF FHYSICa 


Berore stubarking npon the epistemological discusions which 
will conte us jn Part ID, it will bs wall te draw some morals 
inom our previous chapters, ‘Throughout these chapters, 1 
have carefully abstained from speculations which would have 
taken ns outside the domam of physica: in particular, I have 
not sought to interpret the mathematically fundamental notions 
of phygics in teraas of entities not directly amenable to ordinary 
mathematical treahoent. It seemed deslrabie to be clear first 
as to what physics has to say, before undettaking either the 
épustemaloeical criticigm of the evidemer or the metaphysical 
joterpretation of the logically primitive apparatus of physica. 
This i5 the purpose of the preseot chepter, 

Physica started historically, and stil) starts in the education 
of the young, with matters that seem thoroughly concrete. 
Levers and pulleys, falling bodies, collisions of billiard balls, 
ete, aft all familiar in everyday life, and it isa pleasure ta the 
saentifically-minded youth te find them aruttiable to mathmms- 
tical treatoemt, Bat jn proportion aa physics increases the 
scope an) power of its methods, in that same proportion it robs 
its subject-matter of concreteness, The extent to which this 
zs the case is pot always cealized, at any rate in woprofesional 
mcmoenis, even by the physicist himself; he may tell you that 
he con“ eet" an electron hitting o screen, which is of course 
a telescoped expression for a complicated inference. Dr 
‘Whitehead hag done more than any other author ta shore the 
need of ondoing the abstractions of physics, For the memeut, 
T am not concerned with this aeed, but with the abstractions 
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Lat of take space, time, Light and matter as ilfuetrative of 
the gradually increasing abstractness of physics, These four 
potions aro all extracted from cominen scons. We gee objects 
Epread oGk in space, We Can [eel their shapes with our Sngere: 
we know what it 4 to walk to @ neighbouring town or travel 
to a neighbouring country, All this makes "space" seem 
something familiar and tasy, untl,in the course of adutation, 
we learn the poxtles to which it has given cise. Time seem 
equally obviogs: We remember past avents in a time-order 
we notiosa day and night, sucomer and winter, youth and age, 
we know that history relates events of previous epochs, we 
josore our dives in the confident expectation that we shall die 
in the future, Light, again, seemed in ho way mysterious 
te the aothor of Genesis, at, indeed, bow should it to anyone 
who had experienced the difference Between night and day 7 
Matter was aqually obvious: it was prumarily anything that 
we could touch, though the first step towards mystifcation 
waa taken when Empedocks incioded air. However, we are 
conscious of air in the form of wind and a9 something that 
filla onr lungs, 50 that Jess effort was required to admit air 
among the elements than to exclade fire. 

From this happy familiarity with the everday socld physics 
has been gradually driven by ite CH triumphs, Uke a monarch 
who has grown too grand to converse with his ¢abjects. The 
apace-time of relativity is very far removed from the space and 
time of our uoascientific experience; yet even space-time is 
TeArer to conon sense than the conceptions towards which 
Poysikts is tendmg. “Space and tre,” says Eddington,* 
“are only approximate conceptions, which must ultimately 
give way toa more general conception of the ordering of eveats 
m oaturée not axpresalble in terms of o fourfold co-ordinate 
aystem. It is in thie direction that some physicists hope to 
find a solution of the contradictions of the quantum theory. 

+ OP, of, B. zes. 
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it ip a fallacy to think that the conception of location in space. 
time based on the abservation of jarge-scale phenomena cin bet 
applied unmodified te the happenmgs which involve only a 
aml number of quanta. Assaming that this is the eight 
aolition it is ateleas to look for any meang of imtroducing 
quantum phenomens inte the later formele of our theory: 
thease phenomena heave been exctuded at the actsat by the 
adoption of & coordinate Game of reference.” But evan if 
space-time, a3 it appears in the general theory of relativity, 
were the last word as regards the physical order corresponding 
to our usual noticna of tpate)e and tla, it is evident that we 
shonid have Gevelled very far from those notians, and have 
arrived at & regio io which pictotial imagination js wseless, 

The view cf Locke, that the secondary qualities ara sub- 
jective but not the primary qualities, was more or isss com- 
patible with physics until very recent times. There are spaces 
ang times jo our jmumediate cxperimce, and there seemed no 
insuperable obetacle to identifying them with the spacey and 
times cf the phytical world. In regard to time, at least, 
practically oo one doubted che rightoess of this identification. 
There Were doubts as regards ppace, but the came from 
peychologisty rather than physicists. Now, bowever, both 
gpace anid time, as they occur in immediate experience, are 
Tetognized by writers on relativity a9 something quite different 
froma the space-time which physics requires. Lockey half-way 
house has therefore been definitely abandoned, 

T comes mow to the relation of light as experionced to light 
in physics, Here the cleavage is older than m the case of 
apace and time, incdesd, it is already admitted in Locke's 
theary. lt it impoesible lo exaggerate the importance of this 
cleavage in stpatating the world of physics from the +ork of 
oncom aeose, With the exception of paris of our own body 
and bodkes with which our own body is in contact, the objects 
whith, according to common sons, we perceive, Bre kA 
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by means of light, sound, or odour. ‘The lagt of these, though 
important te many species of animals, is celativaly gobordinats 
in the perception of buman beings. Sood in legs important 
than Light, and in any casé talers exactly; the same pooblems 
In the present connection. We may therefore concentrate 
tpan light as a source of por knowledge conceming the external 
world, 

When we see" an object, we sem to have immediate 
knowledge of something extemal to om own body. But 
pliysics says that @complicated process starts from the oxternal 
object, travela across the intervening egies, and at Last 
reaches theeye. Whal goes on between the eye and the bredn 
ia 2 Question for the physiologists, and what finally happens 
when we “gee ig a question for the peychologist. But 
without troubling ourmelves about what happens after the Hght 
reaches the eye, it is evident that what the physicist has to sey 
is destructive of the common-sense ootion of ‘'seomg.” It 
makes no difference, in this matter, which of the posible 
theories we adopt aé to the physical character of light, since all 
equally make it something atter]y diferent from what we gee. 
Tha data of sight, analyzed as mach as possible, resolve them- 
celweg inta coloured shapes. But the physical analogue of a 
colour is a periodic process of a certain frequency relative to 
the eye of the observer, The physical world, it nexms nateral 
te infer, is destitute of colour. Moreover, the correspondence 
between colours ang their physical counterparts 33 peculiar: 
colours are qualities, which are static while they best, whereas 
their counterparts are periodic processes, which are in the 
nediom between the eye and the object which we say we 
"gee." What happens in the object itsell, if it shines by its 
awn: light, is the soct of thing considered in Bobr's theoty: a 
aniden jump of an electron from one orbit to amcther. This 
ia very unlike 2 sensation of (say) red, And what boks to the 
eye ke a continous red -sarface is supposed to be really a 
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Folie who apparent colour is due to the fart that eome of 
the electrons in it are Jumpimg in 3 certain way. When wa 
say they are" fomping,' wearesaymg something too pictorial. 
What we mean is that they possess an onktien quality called 
“emmetgy, which is a koown function of a certain mutnber of 
small integers, and that one of more of these integers have 
suddenly changed their values, It may be claimed as a merit in 
soch Eheorits a4 Professor Lewis's, comidered in the preceding 
chapter, that it makes the connection between this proces 
and the eye rather kesa indirect than jt appears on the an- 
dulatory theory, But even then the sort of aodden transition 
contemplated by Bohr is very untie the perception of a red 
petoh: it is prima facis quite dissimilar in structure, and 
woken as regards its intringic properties. 

T come oo to the most serious of our queétions: How 
matter to be ondersteod m modem physics? Educated 
CoH Stes meyers matter as the cause of sensations; 
bromdly speaking, sensations private Lo one person are caused 
by the matter of that person's body—ve. headaches and 
toothaches—w while sensations common to several, or of a sort 
which is ofmmoo to severe! in suitable circumstances, are 
altribuled bo causes external bo the bedies of the persods ¢x- 
periencing the sensations. (7 am pot al present attempting 
to aiake these statements exact, but merely to interpret what 
common sense would reply jf questioned.) We necogrim the 
“game " piece of matter on different occasions by similarity 
in ite qualities, thonogh ‘we admit that this is a roagh-and-ready 
teat which may lead us asbtay. We think, bowever, that, if 
we bad observed closely and continuoush, we cook have 
distinguished between two similar cbjecls by meana of con- 
tinwity in their perceived spatial relations. The thret-card 
trick iustrates what 7 mean: if wre watch the performer care- 
folly, we can tell which is the card we aw a inotnett ago, by 
mnang ol the spatio-temporal continuity of its positions. What 
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COMM: sense ETOCS may be expressed, in language foreign 
12 commen seal, by sayiog 2A piece of matter ia manifested by 
saiibk: qdalitites whose variations are continuous, and whose 
sensible spatial célations to other soch continuons series of 
qualities are continooos fonctions of the time. In practice, 
the changes of sensible quality are often ao slow as fo be 
negligible, and this greath; Eacilitates the task of common sense 
im recognizing the “ same " object om tre different occasions. 

On the conmmen-aense level, there are difficulties in certain 
cases: 2 drop, in a seasibly homogenceus fluid in which there is 
2 CuTenh, Cannot be distinguished at a later moment fom 
another drop which was near it at the earlier moment. Com- 
bustion also offers difficulties to common genase, Goth these 
Tostters can, however, be dealt with on 2 common-sense bagis- 
A small solid object faating in the water will show which way 
the water is moving, and the ameoke shows, more ot less, what 
happens to an abfect which is burned. The eigboration fm- 
mediately suggested leads on naturally te elementary physics 
and chemistry, where it is still assumed, at least tacrthy, that 
the objects concerned are of the same sort a5 sensible objects, 
but rather smaller. Often they can actually be seen under 
the microscope. Iraaginatively, we continet to attribate this 
contnuity with gengihla objects to our scientific objects, oor 
electrons and protons, thos concealing from qorsalyes the 
highly abstract character of gut assertions. At momenta, we 
Tealize this abetractness: Bat it does not make ite dae impress 
gion, becaust imagination regggerte itself as so0m a5 We are 
off our muard. 

In theoretical physics, what js an electron, and how do we 
decide whether two evenia belong to the history of the same 
alectron ? oem not asking how we decide in practice, but 
what is our thecratical definition, Ever since Minkewnki, 
people have spoken of “ world-lines," which are in fact the 
series of events constituting the history of ons unit of matter. 
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but they dave not always been as explicit as oon could wish 
in telling os the criterion by which, in theory, it is decoded that 
feo events belong to ope world-line, The teat of identity 
betrreen the parts of a workd-line most chviously depmed upen 
the laws of physics. These Jaws pay that a material mit will 
move it sucle-amd-mech & way: inverting thia statement, they 
gay that what has moved in such-and-such a way is lo count 
89 O06 unit Gf matter. This is mbstantally the method par- 
seed by Eddington. Ia Chapter IK. te considered the tensor 


which, ss Eddington shows (§ 53), has the property of con- 
aetvatioo—ie. if the amount of it in any closed region varies, 
it does 40 by @ Bux across the boundaries. He identifies this 
quantity With matter, becaate of its property of conservation: 
* The quantity G; - }27G appenriog in our theory ig, on aceoomt 
Ol its property of conservation, pow identified with matter, or 
rather with the mechanical abstraction of matter #hich com- 
prises the measurable properties of mass, momentum and 
sires saiicing for all mechanica! phenomena '' (p. 146}. Amd 
the above quantity, it will be remembered, 16 defined solely 
by means of the formula for small intervals. it will be 
admitted that matter, so defined, has become rather different 
froca. the thatter in which commen senée believes, IF D+ 
Johnson bad known Eddiogton'’s definition of natter, he might 
have been less satisfied with bia practical refutation of 
Berkeley. 

The exact form of Eddimgton's definition is not important 
for our present purposes; imdeed, he himself somewhat 
generalizes it in a later passage. The potot is that it is the 
sort of definition to which modem physics is boond to be ted. 
Approxtmately, matter a5 comcerved by qymumom sdiise is cti- 
served; wWhimever it appear to be destroyed of created, we 
cat find ways of explaining away this appearaice. Hence, as 


THE ABSTRACTHESS OF PHYSICS ray 


an ideal suggested by empirical facts, we adopt the view that 
Dnatter is indesteoctible. We the turn rome, and beginning 
from the foomule for interval we ¢ongtooct a mathematical 
quantity which is indestructible. This, we szy, we shall call 
“matter; and no harm comes of our doing 39. But when- 
ever we take @ step of thig gort, we widen the gulf between 
Mathematical physics and observation, and increase the 
problem of building a bridge between them, This problem 
has not heen taken as seriously by physicists at it deserves to 
be taken. The reason is partly that it has arisen pradually. 
Physics and perception ate Like two people on opposite sides 
Of a brook which slowly widens as they walk: at frst it is ezsy 
to jump across, but imperceptibly if grows more dificult, and 
at lagt a vast Kabour is required to get from one side te the 
other, Another reason is that physiology and psychology, 
the two sciences concermed with perception, are less advanced 
Ihan pbhytics. The man accostomed to the beanty and 
exactitude of physics is linble to fecl a kind of intellectoal 
nausea when he finds bimself among the uncertain and vague 
specuktions OF the kets scientific sciences. He cannot be 
expected to admit that these sciences have a part to play in 
Providing thea premises for hig own precisa mathematical 
deductions. Ferhaps be iz right, but prima face physics, as 
ai ompirical atudy, derives ite facts from perception, and 
cannot remain indifferent te any argument which throws 
deubt on the validity of perception, least of all when that 
afgumecot is derived irom physics itself. An argument de- 
simed to prove that a propositine is fitted ia not invalidated by 
having that proposition among its praiissts. Hencedf oder 
physics invalkiate: perception aé a source of knowledge about 
the external world, and yet depends upon perception, that is 
B valid argument against modem physics. I do oot say that 
physics in fact hag this defect, but Ido say that a considerable 
labour of interpretation is necemary in otder to show that it 
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can be abselved in this respect. And it ia because of the 
abetractness of phisics, a8 developed by mathematicians, that 
this labour is required. 

The inevitable apecialiam which is forced upon men of 
science by the very increase of scientific koowledge has had 2 
geod deal to do with obscuring this problem, Few men have 
been both physicists and physlolkgists. Helmbeltz's re 
searches conceming Vision are @ notable exemple of the com- 
Pimation of thess studies, bot there are not many others. 
Physiologists and peychologists are aeklom wellinformed in 
Physics, and are apt to assume an old-fashioned physics which 
makes their problems lock easier than they are, Moreover, 
even, when the problem is realized, a man may not posses a 
mastery of the proper instrument for its solutign—namely, 
mafhematical Ingic. Tt is by means of mathematica) logic 
that Dr Whitelead has Been enabled to make His inumenge 
contribution tc our problem. But, greathy aa TF admire his 
work, which | place far above anything else that has been 
written on the rektion of abstract physics to the sensible 
world, I think there are points—and net unimportant points— 
where his methods break down for want of doe attention to 
poychology and physiclogy. Moreover, thara seem tc be 
premises in his construction which are derived rather irom a 
metaphysic than from the actual needs af the problem. Far 
these reasons, ] venture to think that it is possible to obtain 
a solntion less revolotionary than his, and somewhat simpler 
from a logical point of view, The solution, however, must 
wajl anti! we have axamined perception a9 4 source of know- 
ledge, which will be om topic in Part If. The metaphysic 
which reconciles the regolig of Part IT. with the abstract 
Popsics which we bave been considering in Part [. will be the 
aobject of Pare If. 


PART II 
PHYSICS AND PERCEPTION 


CHAFTER X¥ 
FROM PRIMITIVE PERCEPTION TO COMMON SENSE 


In this Part, the anbject with which we are concemed is the 
evidence for the truth of physics—not of this or that special 
result in physics, but of the general structure of the science. 
[t is to be expected that the evidence will not be such as ta 
give certainty, bat at best such as to give probability: it is to 
be expected, alsa, that this probability may be micteased by 
a fuitable interpretation of physics, where “ interpretation “ 
iz wadergtocd in the sense considered im Chapter I. We shall 
fied it desirable to divide our problem into several parte, each 
of which will have an importance oot confined to physics. 
There is nittd, first, to be clear as to what we mean by an 
empirical science, and what is the degree of certainty to be 
expected of it at the best. There is need to discuss what con 
bet meant by “ data,” and to distinguish infepmces, theories 
and hypotheses. We shall then discus: the causal theory of 
perception, and at the same time the philoephy called 
“phenomengligm.” From thest topics we shall pags to 
general discussion, Firat of cause, then of substance. This will 
lead as to the epistemological groonds for interpreting physicy 
in acoordance with newltal moni, and to the parumount 
importance of structure in scientific inference. We shall 
conclude with a definition of parception considered a3 affording 
tha empitical date for physics, and with the consideration of 
phenomena analogous to perception in the non-mental world. 
Bot first of all it will be well to exanune the historical develop 
ment by means of which onr problem haa assumed its present 
form-—both the preecientifice development leading to common 
aense, andl the scientific development kading from common 
sense to physics. 


Car 
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Common stose coniste of g tet of beWets, or at least habits, 
which work well in practice except in aituations which rarely 
pooor. A savage ey be puaeled by a box containing an 
Teen gyroscope, of by rai carryitge an électii¢c current; 
common sense haa not prepared him for oddities of this sort, 
But a litth familiarity enables a man to Gt them inte his 
common-senge world, and a mechanic anon earns their wayd if 
he beg occasion to de so. Thies iftustrates the fact that there 
is eo sharp line between scieane and common pease; Doth 
jnvolve expectations, bot those resulting from acrence are more 
actinmatée. It is possible to pursue scence practically withont 
any fundamental change from the metaphysic of common 
sense, But when theoretical gcrence is taken seriously, it in 
found to involve 4 goile changed metaphysic, whoate relation 
to that of common gense demands investigation. This will 
form the topic of the next chapter; in the present chapter, I 
Bball consider the petesis of common sense, oot in the race, 
since that is undiscoverable, but in the individual. 

To studying infants, a& in studying anions, we art com- 
pelled to confine quraelves to behaviouristic methods, whatever 
Dur views thay be on the subject of behaviourism a8 a general 
puncple in psychology. We can obperve the bodily act of 
young infants, but they cannot tell us their thoughts, At 
a iow mental level, however, it ia hardly profitabls to dis- 
tinguish between 4 belied anda habit of action. Belitts, in the 
peychological sense, peem to compe cut of previously existing 
habits, and te be, at first, ttle more than verbal represota- 
tions of habits formed before words coukd be uttered, There 
in therefore no great Joss in being confined to behavionristic 
roetbods when we are considering infatits before the age at 
which they can speak. 

it is of conrse obvious and geomrally recognised that very 
young infants do not pomsess the common-sense notion of ap 
“objet.” This is by no means obvious with the young of 
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aome other kinds of animals—-with chickens, for examopls, 
They podetss, af instincts, useful ways of behavioor which in 
the homen young are only baat by experience; for exanple, 
they ¢an pick op a grain which they see on the ground. The 
hhoman infant has ne such mtate shill; for several months, it 
nakes fo attempt to touch what it sees, The “ band-rye 
couordination " comes asa result of experience. Some native 
aptitudes, of course, 3 new-born child does possess: for 
example, it can tum its eves towards a bright light, though 
mot very guickhy or accurately, It hag a reflex connected 
with sucking, but not a very intelligent one; indeed, jt hardly 
amounts £0 more than the practice of trying to muck anything 
that comes in contact with the lips. vim in this respect, the 
homan infant ts inferior to the young of other mammals. We 
can sey that coctain stimuli romee certain cefexes, but these 
aré only just suficient to keep the infant alive with the belp 
of raaternal care, . 

In this primitive condition, the jnfamt obvjowly has no 
conception of an“ object,’ An“ object,’ for common sense, 
is eqmething having a cartain degree of permanence, and con- 
pected with several kinds of sensation. This invohbves some 
thing Like meamory, to give rise to the idea of permanence, or 
rather, at first, to the freling of recognition; and it javolyes 
experience, to give to ome emaory stimoh a reaction originaly 
anponiated withanother. In infants, the most important factor 
in forming the commen-tense notion of an object is the hand- 
eye co-ordination, the discovery that it is possible, often, ta 
gtasp What 19 seen. In this way, visual and tactual spaces 
become correlated, which is one of the most important steps 
in the mantal growth of an infant. 

At this pomt, it is Important te be claar as to the difference 
between “‘apaca"' in paychology and “space” in physics. 
There is undoubtedhy a connection between the toro, which it 
will ba part of our business to make clearat a laterstage. But 
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the connection is very rount-abont and inferential. At the 
onteet, ibis onoch morn dséiel to realise the difference betereen 
them than the conmectiog, since couch contusion of thonght 
artes from suppiing the compection to be closer than it i. 
In physics there is only one space, While in peychology there 
arn severed for each individual; West can, it is true, be reduced 
by manipolation to one for each individual, but they cannat 
be redaced further without intreducing obscurities that it is 
impossible to disipate. The space contauming my visual 
objects bas no point in common with the space containing 
yours, since no visual object in my world is precisely ntentical 
Wi one in yours, And the amalgamation of the apaces of 
my different senses ino one pace ja a peece ol eariy science, 
performed by the infant at about the age of three months. 
Th Whitehead, who ia anxious to bridge the gulf between 
perception aod physics, stems Lo me to make Wis task too rasy 
where space lg concerned, For exampk, he saya:* 


“The current doctrime of different kinds of space—tactual 
space, Visval space, and $0 on——arises entirely from the enor 
Of dedocing space from the relations between figures. With 
anrh a poecedure, since thare are different types of Sgures for 
differant types of sense, evidently there mat be different types 
of space for diferent types of senge. And the demand created 
the supply. if, bowever, the modem assimilation of apace and 
time is te bold, we must go further and admit different kinds of 
time for diflerent kinds of sengt-—tainely a tatiual time,avisnal 
tint, anmdisoon. Ti this be altowed, bt is difficult to understand 
how the disjecta membre oj car perceptual experience manage 
to collect themsclyes mto 4 commen world. For example, it 
wookd require 4 preettabivbed harmony to secure that the 
visue] newspaper was delivered at tha vismal Hime of the visnal 
breakfast in the visual room, and also the tactual newspaper 
was delivered at the tactual time of the tactoal breakfast in the 
tactualronm. It is dificult enough for the plain moan——such os 
the present aathor—to accept the miracle of getting the two 


* Ths Principie of Natrol Kwewlalge, pp. 195-4. 
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newspapers into the two rooms daily with auch admirmbl 
eRactitude at the same time. But the additimal miracle 
intreduced by the two times i teally uneredibk.” 

This pastzge is 10 pleasant that I bate te cfiticise Ht. Bot 
T do not know bow else to make clase wheres T diffe bom Do 
Whitehead. There is frst a porely verbal question to ba 
cleared up, Dr Whitehead says it is an efror to deduce space 
from the relations between figuces. It is certainly at ecror 
to deduce jfytical apace in this way, but with psychological 
apace the matter is different. There certainly are perceived 
relations between figures, and these perceived relations are 
patt of cur perceptual data in physics, Whether thep are 
te Bo said to constitute a epace of not, is a verbal question. 
Psychologists, a5 a nile, find tt convenient to may so; bot the 
matter is unimportant. When this quejtion has bean cleared 
pway, however, there remain others which am vital to an 
understanding of the relation between physics and perception. 

Take, first, the question of the feo tres. Aa will appear 
when we come to the cawsai theory of perception, the whole of 
my percophial world is, from tha standpsint ef physics, in my 
head; agy bwo events which I experience together overlap 
in physical space, and all af them together, in dAyaica! apace, 
occupy a yolome smaller than my head, since it certainly does 
not inclode the hair, skull, teeth, etc, Consequently, on 
relativity principles, there is no question of two times, smce 
this only arises for events which aye spatially separated in 
physical space, 

As for the necessity of distinguishing tacinal and visual 
gpace: thera are parceived milations batween objects seen 
simoltantcuahy, and ales bebeten objects touche) simol- 
taneonsly, sand thes relations art part of the orgde material 
put of which we comstruct oor potmn ofspace. TAate relations 
canon hold between a vieool and a tactuel percept. But 
ther are other relations which do hold—namely, these of corte- 
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lath: When T set my hand in contact wath a visual object 
I feel it in contact with a tactual object, and moreover the 
Vioal and the tacteal object beve certain relations to each 
other—ep, where we eee comer we get a tactual senmtion 
of dharpoess, All this, bowever, is learnt by experience; that 
im to say, we learn the dows of the correlation by experience. 
The infant can bt seen kerning them. One may call these 
Jaws “' pre-established harmonies,” but they art mo mort £0 
than any other scientific laws. Unless we are going to say 
that all lays of nature must be damonatrable by pare logic, 
Which is hardly concervable nowadays, we must admit that 
there are co-existences amd sequences which we expect on a basis 
of past experience, m spite of the fact that thai failure would 
got be logically impossible, And the correlation of visual and 
tattoa] sensations is a case of this sort. 

Tt is sounetimes sigerated, in each cases, that the correlated 
ettturéices aio méreh differmmt maniitetations of one and 
the sank entih. This is, m fact, the tiew of coonnon stnse, 
Which bokis [hat it can both sc¢ and touch the same object. 
T have no objeclion whatever to chia way of speaking, and T 
donot deny that, righthy interpreted, jt may express a correct 
view. Bt it remains nevertheless true that the entity gid to 
be manifested is inferred from experience of 4 correlation, and 
that the pertepts correlated are not fogiea/fy mietoonnected, 
but onbhecopirically, We have v, a visual percept, and at the 
same time i, a tactpal percept, Each rousey appropriate 
Tefexes, and, owing to their frequently ocomring together, it 
happens in time that pach rooges algo the reflexes appropriate 
tothe other, This practical induction oocurs before the child 
has reflected that the two are correlated: indeed, unlesy be 
becomed 2 leated man het probably never cealizes the corrale- 
tion of ce and #. Bot as soon at we reflect pon the matter 
we can Set that there is no eecesnery correlation. It fails with 
blind en, and with men whose Sngere have been anesthetic d. 
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To general, however, the comtlation bolds geod. Common 
senst explaing it by regarding both touch and sight as ways 
af getting te know an object which ig at once tangible and 
visiide. In the langnags of the canal theory of perception, 
we 927 that » and ¢ have a commen cause, in general extemal 
to the body, I do aot wish to deny this, but eoly te pot 
out that, when we are considering the grounds of our know- 
ledge, we cannot say that we know of the correlation because 
we loo of the cotomeod extemal cause, The order in kno 
ledge i9 the oppodite: wt have evidence for the comrelation in 
Our experiance, and we infer* the common conse [rom the 
corelition, 30 thet the common cause cantot have more 
ctrtamty than the correlation, which is ity premiss. From a 
behaviownistic point of view, the infant “ juncws '' the corre 
lation when cither stimalos calls oot the response originally 
appropriate to the other. 

We must hete guard against a small possible talsunder- 
standing, Tf wand fare invanably correlated, it may be said, 
it is impossible that ane should occur wiehont the other, and 
therefore there can be no means of judging whether oos alone 
would elicit the responge belonging to the other, In fact, the 
matter is net quits 50 simple as we have been taking it to be. 
What we leum by infantile experimes is not that v and ¢ are 
aneay? correlated; rt is possible: to touch in the dark, or with 
the eyes shyt, and it is possible to see without touching. What 
we Jearm i3 that the correlation can be brought aboot easily in 
many ciecs. Movements of the ea will usually give a visual 
sentation corresponding to a previoudly uncorrelated tactual 
sensation, end movements of the hand for other part of the 
body) will, in a certain proportion of oases, give a tectual 
mwonation corresponding to a previously uncorrelated visual 
seniation. Children practising the hand-eye co-ordination 
atlemmpt to grasp objects not within: thelr reach; it is onky 

* 7 amy bee xing the word © infer" [a a behavionristic ans. 
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gradually that distance comes to bet jddged more or kes 
curtectly, When objects are not within our prasp, a new 
cotrelation comes into play—namely, between the visual 
sengibion and the journey required to bring the object within 
our reach. Unfamiliar circumstances will canse even adulte 
to make mittakes--for example, that of noderestimating the 
depth of objects under water. Great distances remain per- 
manently beyond the scape of common sense: only aclence can 
ateiite os that the sun is farther off than the moon. 

What we can observe the infant laaming is tha bodily acts 
which will, in fact, reinforce a percept of one senso by a percept 
of another; mote particolarly be learns to touch what he set3-— 
2, to procure for binotell a correlated pair v, t, instead of 
the isolgted+, Similarly he leams to look round when he hears 
a voice, and soon. All this implies that he has, so far aa action is 
contemmed, the notion of a physical object, as something capable 
of affecting several senecé timultancousy. The ekment of 
recognition 23 logicalhy stparable, and arises somewhat earlier. 

These motor habity ave essential in generalmg common- 
sense Deljefa, which arise at a mach later stage of mental 
growth. Common sense, in its more primitive form, is hardly 
aware that there is such an occurence as perceiving: jt is only 
aware of the perceived abject. And by the time that even 
the most rodimentary raflection begins, sach sense calls ont 
responses compected with other senses, 90 that even whee, 
from the standpoint of external stimulus, only one seme it 
affected, the experience hag the masalvenets of sqmething im 
which several senses are involved, See, for example, the 
Pictores in Kiotblar's M saalsty of Agan : here we see chimpanzees 
which are watching others with sympathetic movements of 
the arms that itdicate etimmlation of bodily feelings can- 
nected with balance, although the sole stimulus m visual 
This accoants for the fact that common sense can so con- 
fdenth identify an object touched and not aten with an 
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object seem but not teuched——+_¢. the cricket-ball new snccess- 
folly caught and the same ball as it flew throngh the air. The 
reason is that the experience ip alwaye richer than the mnsory 
stomulug alone would warrant: it contaime always responees 
aiming from physiclogical meperience of past correlations. Hi 
an adult were te hear a donkey's bray for the frst time, witht 
having previcusly known that there wasan animal which made 
that ooigé, his experience would be amazingly unlike that of 
& mormial adult in the sange cincumsbarrces, 

Common stnse dees not initially distingnish as sharply 29 
civilized nations do between persons, animals, and thmgs 
Primitive religion affords abundant evidence of this. A thing, 
like an animal, has a sort of power residing within it: it may 
fall on your bead, roll aver in the wind, and cc on. It is only 
gradually that inannmate objects become sharphy separated 
from people, through tha observation that their actions have 
De purpose. But animals are not separable from people on 
this ground, and are in fact themght by savages to be moch 
tore intelligent than they are. 

Common sense is, in most respects, maively realistic: it 
believes that, ag a mule, our perceptions show us objects ag they 
teally are. It is able to held this wiew becauss of the mass of 
experience which, in each individual, precedes tha common- 
serge Oitlenk. ‘We do not think 4 distant person smaller than 
a parson mear at hand, we do not judge circular cbjecty peer 
sideways to be elliptic; and eo on. All thie ie, for common 
Stnee, part of the porception; it may be doubted whether it is 
met so also for psychology. Bot it in certainly mot part of 
the infant's mitial perceptive apparatus: itis something which 
the infant has te learn. Seune of it ig learnt after the begin- 
nings of speech have been acquired—particolarly a right 
jwdgment as to the sige of distant objects. But at any mate 
by the time a child i9 threa years old he has acquired the 
common-sense cudlogk, That is tomy, hos immediate reaction 
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to @ sensory stimulus involves ¢ great deal of previous ox- 
perienca, and ig puch as to enable him te arrive, without any 
mantel proces, ste far more objective view of what he per- 
cehves than was possible at birth, [ mean bere by "objective" 
not anything metaphysical, but merely “ agresing with the 
testimony of other.” Tt would be a complete mistake to anp- 
pote that, in an adult, there is Gret an experience comespond- 
ing to the bare sensory stimulus, and then an inktrence to 
that of which it igasign. This may oocur in certain cases, for 
emample, ii we watch aman drawing a face in an apparently 
haphazard manner, and do not realize till the last moment that 
a face in being intended. Hut such an experience is quite 
nolike normal perception, where the “inference,” in the onky 
arose in which it can be said to exist, is physiological, or at 
any tate not discoverable by introspection. It is because the 
seeory shimulus it able to lead us, without any mental inter- 
mediary, to an object practically identical with that perceived 
by others in our neighbourhood, that we are abls to adopt the 
common-sense belief that we actually perceive external 
objects. 

The notion of cause is part of the apparatos of commen sense. 
I do not think it woold be true to say that commen seus m- 
gars objects as the causes of our perceptions; it would not, 
unless challenged, think of bringing in causation in this coo 
nection. Jt looks for caoses when it is sorprised, not when an 
occurrence eters perfectly natural. It demands causes for a 
mirnge, 6 Ceflexdon, @ dream, a0 earthgngks, 2 plapus, and a 
om, Dut mot for the ordinary couse of nature. And the cao 
which it looks for, Wherever the event concemed has great 
emotions] interest, is pretty sure to be animistic: the anger ol 
the gods, of something analogous. The idea of universal 
caution, and of causstion divorced from purposes, belongs 
to a dates stage of geqtal developamnt, and marks the begin- 
ings of philosophy aod science. 
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Substance is a category which comes natorally to common 
cent, though withoat the attribute of indestruchbility added 
by tha metaphysiciane—Dbut as to this perhaps diverse opinions 
are peedible. One work be inclined 10 sappedte that common 
Benge regards Gre a9 destroying what it bums; but the Chinese, 
when they bad made a golemn covenant, used to born it, in 
onder that the gods might take cognizance of it through the 
ameke. (A copy was kept for terrestrial purposes.) And 
raoeg that practise cremation do net, asa Take, suppose that 
they are totally destroying the body. On the other hand, 
there has existed a religious prejudice againat cremation which 
implied the belief that the body was thereby totally annibi- 
Rited. 31 think ome most conciode, therefore, that the attitode 
of common pense a5 to the indastroctibility of substance is 
vacillating; 00 the whola, the soccess of physics in providing 
inmcrtal material onita tepresenia & triumph of the philo- 
gopher over the plain man. 

Sabitance, Whether indestructible or got, ig of great im- 
portance in primitive Thought, and dominates syntax, through 
which it hay duminated philosophy down to tur own day. 
At a primitive stage, there is no distinction between " sub- 
stanca ™ and “ thing"; both express, first in language and 
than in thought, the memetion of recognitim. To an infant, 
recognition it & Very sirong taiotion, particularly when con- 
nected with something agreeable oc disagreeable. ‘Wher the 
infant Dagins to tee words, it applies the same word to pecoepts 
ot feo occasions, if the second ruses the emotion of recogni- 
tion asotiated with memory of the first, or perhaps merely 
With the word which was eam? in presence of the first. (When 
[ aay that the infant uses the “same " word, I mean that he 
makes closely similar noises.) Using a piven werd #4 8 
reeponds to stinali of a certain kind is a motor habit, lke 
reaching ior the bottle. ‘Tre percepts to which the same word 
applies are thoaght to be identical, woes both can be praesent 
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at pace; this characterigtic distinguishes geperal names from 
ptoper names. The basis of this whole process is the emoticon 
ef tecogmition, Wheo the process, at a leaming of motor 
habits, it complete, and reflection upon it begins, identity at 
name is taken to indicale entity of substance—in one sent 
in the case of proper nates, In another sense in the case of 
names applicable to two or nie simultaneous perceple— 
te. geceral names (Platonic idegs, unpversals}. Theooughout, 
language comes first and thought follows in its footsteps. 
And language is poveroed largely by physichgical causation. 

4 substance of thing is supposed to bs identical at diferent 
Times, although itt properties may change, Joha Jones is 
the same person throughout His life, although he grows from 
childhood to manhood, is sometimes pleased and somelimes 
Cross, soTetioes awake and sometimes aslesp. Primarily, be 
16 comsidéered to be the same person because be has the sume 
nam. But the name, like the person, is mot cractly the same 
on different occasions: it may be spoken loud of soft, quickly 
orslowly. These diferences, however, are toaslight to prevent 
TecOgnition, eECept om Tare accagions—sg. when the pame is 
Bronoonced wery badh by a fdoreigner; one of tha merits ol 
nape? if thot they change less than the person named. 

The comceplion of substantial identity with varying pro- 
pertics is embedded in langnage, in common sense, aod in 
roclaphysics. To tny onisid, it is wécdolin practice, bot harmful 
in theory. It is harmfnl, I mean, if taken ag metaphysically 
ULimate: what appears as ont substance with changing states 
thowd, | maintain, Be conceived as a seties of oteorteoce: 
linked together in sate important way. I will oot yet argue 
this view. [t would have been utterly foreign to physics until 
the substitution of space-time for epace and time, with We 
comsponding substitution of a Jouw-dimensgional continonm 
of events for the alder comeption of persistent material unile 
moving in a three~dimensional space. But the older con- 
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ception «till appears the oatiral ene to apph to electrons 
and protons, eo that physics may be said to have, at the 
moment, two different points of view on this jasue. For the 
prevent, Tam oot concemed bo orjticize the notion of sobstance, 
But only to show its genesis, which I take to be derived from 
tie pre-human omotion which we raflectively call “ meognd- 
tion,” though it hus not, originally, the definite cognitive 
character attached te the word when applied to the mental 
processes of an adult hurrian being. 

Induction, like sebatance, plays a large part in common 
sense, and has a basis which is primarily physiological. Tam 
not at present discussing the validity of induction, but the 
cause of the practice of induction among animals, children, 
and savages. Of couse the validjty of induction is really 
assumed in such 2 discussion, since, without it, canses cannot 
be discovered, But we do not aesume the validity of the 
Punitive inductions which we are discussing; we assume enh 
that there is some valid form of induction, Throughedt 
genetic peythology we assome the valklity of ordinary scien 
Preadure. If this assumption were to lead us to views on 
genetic paychology which threw doubt on the validity of 
scimtifie procedure, that would congtitote a reductio ad ch 
sordiun, which would destroy genetic psychology alang with 
the rest. Therefora, whenever some obviously invalid process 
is s4id to be the peychological source of a method estential to 
Science, We Must buppese, Unbess we are to embrace complete 
scepticism, that there is aome valid protess which, in mist 
of the cases to which the invalid process is applied by wn- 
weientific peopk, gives rather similar results. All this bas 
perhaps ooly a pragmatic jmatificatim, bot whether this is 
the cage cannot be decided 2b initio. The real utility of 
investigating cre primitive forms of inference ia that the 
contrast bebrreao them and current scisntific mitomce may 
supgest directions in which the latter is capable of still further 
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improvement. The direct logical importance of investiva- 
tiene inte the ongins of our mamtal processes iq wif, but the 
imiportance #5 a meats of stimolating imagination m the 
formation of hypothescs may be considerable, it ie for this 
reagon that the topics of the present chapter form a osefnl 
intreduction to these which form our proper subject- 
matter, 

The source of induction, speaking hisboricalby, ia the general 
law of what Dr J.B. Watson calls learned reactions.” In ita 
schematic simplicity, this law is ag follows: Li a stimulus § 
to a living body of an animal produces a reaction #, and a 
atimalps S° produces 3 reaction A’, then if.5 and 5° are applied 
together, there 4.4 tendency for § alons, afterwards, te produce 
FE’ ag weilag Fo Eg. if you expose a person frequently oo a 
tettan loud noise and a bright light simultaneously, after 
a whik the loud noise alone wil) cause his popils to contract. 
It is otviows that the practice of induction iv simply the 
application of thia law to cognitive reactions. If you have 
irequenthy beard the words " where's janes" when you conld 
set Jones, these words will in the end cause you to believe 
that Jones is present even uf, for the moment, you do not ste 
him. This form of induction is invelwed in understanding 
apecch, [tig obvious that, in its cruder forms, induction may 
give tlat to [alte beliels as well as 10 true ones; stientific 
methodology bes to seek a fon of indaction which shal) make 
false inferences mock rarer than true omed. If soch a form 
can be found, & man may tam himsed, in his professional 
activity, to abstain from the mupre primitive forms. Hot oy 
an ordinary mortal be cook oot saevive fora day if be refuyed 
to trust 10 what we may call physiological mduction, which 
stores up in the body the Lessoos of past axperience. In 
practice, a nearly mistantedcots method of infereuce which is 
Fight none times out of ten 8 preferable to a alow method which 
is aiways right, A man who subjected all hia food to chemical 
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analysis before eating it would aveid being pomened, bat 
would algo fail to be adequately nourished, 

Throughout the development of theory, great intellectual 
changes have bean yapeatedhy necessitated hy errors which 
were very amall from the standpoint of prictice. Tha theory 
of relativity is a remarkable instance of this: an immense 
Fecongtmction has been made to meet discrepancies which 
could onby be detected by the most delicate oveasurementa 
The further science advances, the more mninute become the 
facts which it cannot yet assimilate, Common sense does well 
encogh for most of the needs of a pre-industrial communtiy, 
but not for the construction of a dynamo of a wireless station. 
For these, we have lo advance to the slandpeint of pre- 
relativity physics. Machines involving relativity physics do 
not yet axiet, but presumably they will some day. This, 
however, is beside thea point. Tha point is, that a small dis- 
crepancy between theory aod observation may indicate a 
largeerrorintheary. Tale, «g., naive raahom and the velocily 
of Light, the latter from & pre-relativity point of view, The 
supposition of common sense and naive realiam, that we see 
the actoal physica) object, is very hard to reconcile with the 
scientific view that our perteption occurs somewhat later than 
the eminston of light by the object; and this difficulty ia not 
overcome by the fact that the time involved, like the netorions 
baby, isa very [itth one. We cannot therefore argue from 
the practical success of common Senge to its approaimate 
theoretical accuracy, bot only toa certain Tough correspondence 
between its commoner inferences and those permitted hy 2 
correct theory. Jl physics has had to desert comumoo sense, 
that is no cated for bonding law with physic. 


CHAPTER XVI 
PROM COMMON SENSE TO PHYSICS 


ly was ip the seventeenth century that the scientific cuthok, 
as opposed) to that of common sense, first became important. 
It had existed in individuals among the Greeks, but it had 
not been able to point to sufficiently praat achievements to 
impress the general educated public. It wasim the seventeenth 
century that scence began te win spectacolar victories, art 
to develop an outlesk definitely differm(, in cerlain important 
fespects, from that of common sense, The bisierical aspects 
Ob this change have been set forth by Dr Whitehead in his 
Science and ibe Modern World, particularly in the chapter oo 
“The Ceatury of Genius," 3¢ admirably that it would be 
foolish te attempt te cover the ground again. I shall theredore 
select goby certain topics which arg important in relation io 
mobsequant chapters, 

The chicf thing that happened in tha seventeenth century, 
iran our point of view, was the divorce between perception 
and matter, Which occupied all the philosophers from Descartes 
to Berkeley, leading the latter to deny matter, while it had, in 
eHect, led Leibniz fo deny perception. 

Common sense believes that there is interaction between 
mind and matter: when 2 stone hils us our mind feels pain, 
and wheo we will te throw 4 stone itmoves. The development 
of physica made matter seem carsally self-contained: jt ap- 
peared that thete were always physical canses for the move 
manhs of mathe, £0 that volitions must be oticgs. Dsscartes, 
believing in the conservation of wi diva, bot iggerant of the 
COMervation of momentum, thought that the mind could 
inflvence the direction of the motion of the animal spirits, but 

ist 
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not its amount. This bali-way hoose had to be abandoned 
by tus followers, owing to the discovery of the coneervation of 
factmnentum. They therefore decided that mind can never 
influence matter. They also decided that matter can never 
influence mind, This latter view was net based] directh pen 
acience, bot upon thea metaphysic which had bem invested 
to explain away the appanmt inffieneces of mind on matter. 
To suppose that the movernent of my arm is net canaed by my 
volition is to suppedé something Very odds it is mo odder to 
suppose that the perception of my ann is not caneed by oy 
atm. The view that there were two substances, mind and 
matter, and that either could act upon the other, explained 
the causal independence of the physical world, andentailed that 
of the meotal world Thus mind and matter became very 
Widely saparated—much mere so than they had been before 
the rise of modern plysics. 

All modem philosophy before Kant is dominated by this 
problem, for which a variety of solutions were offered. Spinora 
held that there wag only one substance, whose only detorn 
attributes were thonght and extension, which ran parallel 
withomt interaction, like the two perfect clocks of dhe o¢- 
casionalists, Leibniz believed in an immense number of 
substances, all causally independent of sach other, but all 
Tanning patailel in virtue of a pte-cstablished harmony; these 
substances Were all minds, more o: leza developed, and mutter 
was only a confaeed way of “ perceiving a nomber of sub- 
stances. The word"! perceiving “' has, in Lelbniz’s philosophy, 
a peculiar meaning, derived from parallelism and from the 
notion of “roirrocing the univarse.'’ Withowt attempting to 
adbere closely to Leibnde's cam words, wa may set forth the 
wiew which is implied m his system, whether he held it io its 
entirety or not, a¢ follows: Fach mooad, at each moment, 
is in an infinitely complen state, which is capabls of a one-one 
totreépendence with the state of each other monad at that 
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ncirent. (This is the preestablished harmony.) The 
differences batwee: the states of different monads are Like the 
differences bebwten the aspects of 4 given object from different 
Place, and ate compared by Leibalz to differences of per- 
epective or point of view. These differences are capable of 
arrangement ina three-dimensioned order, so that the monads 
form 4 pattem which changes with the time. In addition to 
the oieooe correspondences between the monads, there is 
4 Oneane comespondonce betwen the state of each monead 
and the pattern formed by all the monatts (mitroring the 
world). It will be seen thet the Latter logically implies the 
former: if each monad always mirrors the world, each 5 
always in harmony with every other. Let uy take a mathe 
maticnl analogy: suppose lhe slates of the a moond at a 
Biven fhoment art tepresented by the numbers: 


m—I,m=1/3, ms Tsp we 


then there is a one-one correspondence between these states 
acd these of the #7 monad, which are: 


A—I,n-if/o.n- 15, 20 


and there 14 also & one-one cosrespondance between the states 
af rich oonad and tho series: 


ee ee 


whith may be taken to bt the secics of monads. Substitute 
thre’ Obntinuews coondinates fot ont discrete co-ordinate, and 
we get A mdthematical represmitation of Leiboiz’s world. 

The obvious difficulty in this system was that no con- 
ceivabie reason coud be given for supposing that a mond 
mirrored the work, Leibniz bicuel? was one soonad, ard, on 
bis wo theory, would have had exactly the same life if he 
had been the only monad, since the monads were " window- 
Jess.” He could not therefore give any getounda against 
solipgigm exnept some Tather far-fetched arguments dezived 
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from theory and God's “i metaphyucal pertectio. This 
defect was due to his theory of causality, which was an cotcome 
od the Cartesian denial that one substance conld act mpan 
another, which in tom was inspired by the success of physits 
in establishing purely physical causal laws whith seemed to 
2ccourit fot all the motions of matter. In apite of this glaring 
defect, I have lingered on Lejbnizs system, becansa I believe 
that it containg Hints for ametaphysic compatible with modern 
physics and with paychology, although of course it will require 
Feary seriony moaibcations, 

The problem of perception remained unsolved, although it 
Was oie of the main pre-occupations of philoscphers. Locke, 
important ag be was, did mot contribute much on this question, 
except his theory that primary qualities am objective and 
secondary qualities: snbjective; bot his Essay ked others to 
theories which have momained important. Berkely discarded 
the material world, though he need not have discarded physics, 
since the fonmole of physics may pertecth well be applicable 
te collections of mente! events, 25s Leibnizsupposed. Berkeley 
docs not som to have bean iofuenced by the argument which 
aflected the Carteslang—namely, the supposed impossibility 
of interaction between mound and matter, What inflacnted 
Berkeley was tather the epistemological argument, that every- 
thing with which we are acquainted is a mental event, and 
there ig no valid reason for inferting that there ate events of 
quite another kind. This type of argument is, I think, new 
in Berkeley, when regarded as a source of metaphysics; io 
another form, it achieved fame throngh Kant. Home carried 
the same type of reasoning much further than Berkeley did, 
gioce he was content ta remain sceptical, whereas Berkeley 
employed scapticiem about matter 45 a support of religion, 
anol therefore had te limit the soope of his critic of what 
passed aa knowledge. Hume's crithciam of the notion of cause 
tut at the root of science, and demanded an answer impers- 
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tively. OM conrge innumerable answers were forthcoming, Dut 
I cannot perspade mysalf that any of them were in any degree 
valid, not evan that of Kant. I de not wish, however, to 
discnge at this moment any philosophy which has still a more 
than historical interest, a5 is the cise with Berkeley, Huma, 
and Mant. Let us therefore cetum fromm this excucsus to 
Lopits more intimately connected with science. 

Tha profound and lasting effect of Cartesianism upon the 
outlook of phikwophert and men of science was to widen the 
golf between mind and matter, Physicists were satished with 
the view that their gcience could be pormed miependently 
ol considerations concemed with mind, and contentedly leit 
the philosophers to wrangle, under the impression thet phic 
sophy did not matter tothem. Fora time, from the point of 
view of the progress of seienete, there was mach truth im this 
view; bot in the long run science cannot shut its eyes to 
problems which are logically relevant to its investigations. 11 
zy be admitted that most of what has passed for philesophy 
woold not have been very useful ta the men of scimce: bot 
that was chiefiy becange philosophy was no longer being 
created by meno like Descartes and Leibniz, who were of 
AUPE eminenos in science ag wall. It may be hoped that 
this state of affaits is coming to an enc 

The “ matter” of the Cartesian, owing to their denis! of 
interaction between mind and matter, should have been jost 
a5 sbetract, aid just as porely mathematical, as in the most 
modem physics. But in fact this was uot the case: che 
technique of the period still depended open notions which had 
an immediate basis in our cen expirienee. We may perhapa 
distinguish theea sorts of physics, in relation to the sense- 
experiences from which their ideas are derived: f will call 
them moscular physics, touch physics, and sight physica 
respectively. Of comrge no one of them has ever existed in 
igolation : actosal physics has always been @ mixtore of the three. 
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But it will be a help in analysis to imagine a separation of each 
from the others, and ask corgelwan which alemeots in actual 
physics belong to the first, which to the second, and which to 
the third. Broadly we may say that sight-physics bas moore 
and more predominated, and has achieved an almost coraplete 
victory over the others in the theory of relativity. 

Mouscolar physics is embodied in the Hlea of “ force.” 
Newton evidently thought of force a9 a tera cawsa, not a8 o 
meré term in a mathematical equation. This was oatural; 
we all know the experience of * exerting force,'* and are awart 
that it is commeacted with satting bodice in motion. By a sort 
Of WICOnEtions atimism, phyitishe supposed that something 
anakogods occirs whenever one body sets anotber in motion, 
Untortunately for dynamics we have the experience of 
“exerting force" when we moerely case a bey to preserve 9 
Constant velocity, a9 in dragging a weight along a road, this 
mised Aristetl« into thimkmg that force was to be reparded ag 
the cause of velocity, not od acceleration, a mistake first cor- 
tected by Galilec—though Leonards came very near seeing the 
truth. Jtmay be said: if force is a mathematical fiction, how 
tat it be more "true to mgard it as proportional to the 
atcrkration than lo regard it as proportional tu the velocity ? 
The reason i¢ that laws can be found connecting force with the 
situation of a body relative to other bodies, if force is defined 
a3 Galileo defined it, but not ifit is defined as Aristotle defined 
it, Galileo's discovery Ubat falling bodies have a cogstant 
ancalaration, which in the same dar all fia tecwe), is a very 
Bimple instance. More generally we may say: The laws of 
Poyaics are, as a mile, differential aquations of the second 
onder——with respect to tht in Newtonian phyales, and wiih 
respect to interval in the physics of Einstein, This is a very 
different ootion from that of force as derived ftom cxopenianca 
ef miaacular exertion; yet the one Has led to the other by an 
evolution containing many intermediate links 
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Towch-physica het led to the passion [or conceiving the 
world a5 composed of billiard balls—a passion which existed 
already in the Gresk atoouista. We knew what it ia to bomp 
into peopke, of to haves theo bump into as; we know that when 
this happens mrotion is communicated without the exercise of 
volition, Billiard balls exhibit the phenomena concerned in the 
Best form for elementary mathematical manipulation. The 
way billiard balla move when they hit each other is not at all 
surprising; o9 the contrary, in & general way it ig soch aa 
everyone would expect. Tiall the workl consimed of billiard 
talks, it would be what is called " intelligible “—i., it would 
newer surprise we sufBciently to make og realize that we do not 
poderstand tt. The conservation of momentum, which is 
exemplified in the impacts of billiard balls, ceemed to give an 
fubmirably simple view of the whole cocurence. We can te: 
gatd momentim as “ quantity of motion," and say that in an 
itopect & certain qaanuity of motion is interchanged between 
bro bales, just as Powadays electrons are exchanged when 
one body becwmes positively electrified and anather negatively. 
This view wag preferable to that which used force, becanse it 
did not sem to demand of matter anything even remotehy 
alogous to wolittom ; it was therefore beloved of pre-Mewtonian 
materlaliom. It haa, however, completely disappeared from 
madera nietons of the atrottoe of matter, Tie " atomé™ 
which are believed to exist—elec trons and protens—tever come 
inte comiest, but ove a if Chey exerted attracliont and re- 
Ppoljongs ato distance; these, however, ate explalned as due bo 
smpething trammitted through the intervening mednum, 
What haa remained from touch-physics is an objection to 
“ petion at & distance. Hot this objection can handily be now 
atinboted te an a prion prejadice: it ig rather the outcome af 
expetizoent. We belicve that, theo one body seeme toinfloance 
another at a distance, this is mither capable of being splamed 
away, of ia gtiributed to the coutiogow: passage of corey 
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across the space betveen the two bodies: but we believe this 
because it ia the view which fis best with iowa facts, not 
becanse jt seems the only “intelligible view. The latter 
opinion iz no doubt widely held, but ia not required to justify 
existing payalcal theories. 

Sight-physics has inevitably been dominant in astronomy, 
owing to the fact that sight is the only sense by mang of 
which we have cognizance of the heavenly bodies. So long 
ao we anh sea a motion, we ara not conscious of anything 
analogous to jorce. The fact that gravitation remained so 
long unex Hained ay have stiomlated the desire of theoretical 
physicists te develop their aubject without the notion of 
“Force,” since the " force" of gravitation remained totally 
obese. Sight-physics also had the advantage that it dealt 
with » wider range of phenomena than were inchuled in 
dynamici, since it incloded everything to do with light. Thug 
Physics cas more and More to nse only such fotions as wer 
jotnlligible io tens of visnal data. Mass, it Is teat, tetoained 
from shothts oder ofideas. Obviensh the sensational source 
Of the idee of mate ia the fecling of weight. But even msgs has 
gradually yielded. Ob the one band, it is less fundamental 
than it formerly seemed: on the other hand, it can be inferred 
from optical data, by the deflection from a straight line which 
a body suffers ina mown field od force, (Comalder methods of 
dotermining the apparent masses of ¢ and f partiches,) Sight- 
physics abso makes the relatndty of motion much more evident 
thas cither of the other kinds. A tain exerts force, and & 
railway tation does not, so that, irom this punt of view, it 
neem: Tatura) and right to say thet the tram is “ really“ 
Taoving while the gtation is “really at rest. But inom a 
visual point of view the appearance of the station from the 
train in exactly correlative to that of the (ruin from the station. 

In the vienal world, quite independently of the velocity of 
light, a rapid movement can be produced by a very mal] 
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" boree “for instance, by nobating & coitror which is rebecting 
& bright light, Botating lighthonses at night send out beams 
which cap be geen travelling with great rapidity. A beam ig 
not a *' thing,” becange it ia oot tangible, and yet, for commen 
feist, it preseried ibs identify while it rotates, But common 
sense is ot shocked when the beara is broken up into 4 series 
of events. A purely vinwal view of matter makes it much 
easier to regare all material things aa series of evenia, Like the 
rotating bear, 

Of course ] am not suggesting that the other senses should 
be ignored 29 sonrece) Of lmovledge concerning the physical 
workd. What I am saving ig that physics hag tended, more 
and more, tc interpret the information derived from the other 
senges by mang of an imaginative pictora derived from gight, 
Perhape there are reasons for this; indeed, two suggest them- 
selves, one physical and one physiological. Anticipating tater 
discussions, wa may cay that fairly accurate perception is only 
Possible when there is a cautal chain, leading from the object 
to the sense-organ, which if to a considerable extent inde 
Pettdent of what is to be found in the intermediate tmgions. 
Whether this is the case or nat is a question for physica. 
Tooch it confined to bodies with which the observer is in 
contact: smell and pound are not difinsed very far, But iight- 
waves travel with extraoniinarily litth modification through 
empty space, and without very great modification through a 
clear atmosphere. [i we were to accept Professor Lewis's 
theory mentioned io Chaptor XIII,, wa could say that a light- 
quanto travels onthanged from a star to a boman eye. 
Even if this cheory ia not truc, the mere fact that tt can be 
seriously proposed illustrates the causal " purity “ [if 1 may 
ure eh a word) of the passage of Light ftom soe body to 
apether. This in the phovsical merit of sight a a somce of 
knowledge concerging the external warld. 

The other merit is physiological One kind of physical 
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Stincghas is better than another, so 3 source of infonmation, if 
faa efetgy is required to produce a noticeable sensation, and 
amalker physical differences ara required to produce noticeable 
differences of sensation. In both these reapects, light is 
Petaliathy excellent. The compe; io tht light from a jost 
perceptible star is of the order of one quantum per cabic 
metre.* Very amall differences of wavedJength prodoce per- 
ceptible differences cf coloor, and stary ara meen as separate 
aver When the angle between the rays from them to the eve 
ig very minute, In these respects, sight is ruarkedly the best 
of the senge5. [tis therefore not gurprisiog that physics has 
laid increasing stress up viseal data. 

At the level af common yenge, the most important merit of 
aight is that it makes usaware of objectsatadistance, Sound 
ad anal! do this to some extent—small, howrver, is moch 
Tiors important to certain species of animals than lo ws. But 
nelther sound nor tovell carry over great distances, and they 
do not enable ws te locate their source at allaccurately. Liwe 
accept the oxsual causal theory of perception--as [ think we 
should—the proximate physical cause of the physiological 
cecurrences leading to a visual perception is not something 
happening in the object which we say we ye, but something 
happening at the surface of the eye, If this 15 to give us in- 
formation about the distant object, it musxt be, in the main, 
causally determined by the object, without mgard to anything 
intervening between the object and the aye. This is the 
physical merit of sight which wa mentioned a moment aga. 
It has, of course, very distinct Limitations. The colour of the 
Light which reaches the cye will be different from that emitted 
by the object if there is intervening mist or coloured plas. 
The direction can be altered by a refracting medium. Mirrors 
deceive animals and young children. Then there are more 
aubtle matters, a0ch as the Doppler effect and aberration. But 

™ Jenna, ef. ou, pe me. 
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aiter nitking all thest allowances, sight omeblos supra a 
& Oethed of acquiring inowledge about distant objecta. 

In coe respect, sight is defertive—pamely, in regard io 
distance. Sogoee pepchologists argos that depth can be, to a 
cattmin extent, perceived by sight alons, while others contend 
that it is wholly dertved fram other data. However that may 
be, it is certain that sight alone canoat judge any but very smali 
distancea. No one can distinguish berween 5 hundred yards 
and @ hundred miles by eight alone. Infants de not mow 
at all, at first, whith visual objects are within their grasp 
and which art not, For practical purposes, visoal space has 
only two dimensions, even if this is not stricth correct in 
parchological theory. In practice, when we know the ™ peal “ 
sise of a digtapt object, say 2 man or a cow, we can judge ite 
distance by its apparent gize." But our initial experience of 
distance is derived from the amount of bodily movement 
Tequired to establish contact. We may ony have to stretch 
out a0 arm, we may have to lean the body, of we may have 
to walk for some time. Ag hoor's walk is a natoral meggore 
of distance—in fact, it is a league. We cannot acre at the 
common-sense ides of space without bringing m movement. 
Acd measorement with a maasuring rod involves movement, 
JE the distance to be measured is longer than the mel =f 
course there is space io cor own body, which is known without 
Dtvrement: we cefer a headache te the bead and a stomach- 
ache to the stomach. But this epact is limited, 204 doce not 
give apatial relatos bebween our body and objects merely 
wen. To acquire a knowledge of these telations, bedily 
movement ia indispensable, And this would acver heve been 
available foc the porpows if there were not so many objects 
SsTgding us which ate motionless relatively to the earth. 


8 To abo the depth of Dever cli, Shakesepeare saya: 


” The cro and choughe that wing tha moldway alr 
area ng preatee reat ¥ 
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We can discover the distance of a hose by walking to it, but 
net of a fox by the distance we have to gallop before reaching 
hin. 

Etiegice carimot dispanst wholly with postulates, bot 4 tt 
advances thei: timber decrtaues, I mean by a postulate 
setthing net very different fom a working hypothesis, 
except that it is more general: it issomething which we assume 
without sufficient evidence, in the hope that, by its help, wa 
shell be able to constract a theory which the facts will condrm. 
Tt ig by no means essential lo science to assume that ite 
pistalates are trac always or mecessarily; it is enough if they 
are olten trae. They ought te be $0 weed that, when they 
are true, they yield verifiable theories, but, when thay ara not 
trie, a0 theory can De framed which will fit the fects—uniil 
we find a way of working with different postalates, 

The most important postulate of sciemce is induction. This 
may be formulated in varions ways, bat, however fonmulated, 
it nvosk Yield the result that a correlation which has been found 
trun in a ounber of cages, and has never been fetid false, bos 
at least & certain assignable degree of probability of being 
abways trae. I propose to asec the validity of induction, 
net because I koow of any comeiusive grounds in its favour, 
bot because it seems, in some fon, sssectial to science and 
not deducible from anything very diffareant from iteelf. I de 
Tot propose to discs it, botause the problem concerns em- 
pirical knowledge in general, not physics in particular; also 
becaust the subject ig 3¢ complicated that a distutsion is 
neeless unless it ig very lengthy, For the moment T must 
refer the reader to Mr Keynes and his erities.* 
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The other postulates which were at ate Hina thought 
Deceesaty have gradually been found to be saperilucus. At 
one time, the indesttuctibility of matter would hive been 
reganded asa postulate. Mow, thoagh electron and protons 
alt supposed ta persist as a rule, it is seriously aagpested that 
an glectron and 3 proton may scmetioves combine ao as to 
annibilate ¢ach other: Eddington has advanced this ay an 
important possible source of stellar eoergy.* is true that. 
in this process, ergy is suppreed to be not destroyed; but 
the conservation of energy is oo tore than an empirical 
eeneralization, and is not thought to be slriclhy trae. 

Spatiotemporal continuity was, antil lately, a postulate of 
science, but the quantum theory has called it in question 
Without intelectual disaster, [t say be toe, but We cannot 
Say that it atest be. 

The existence of causal laws perhaps desetves to rank as 
a pettolate, of may perhaps be proved probable, on the 
existing evidence, if induction is astumed. Here our proviso 
is télevant, that a postulate need not be suppased io hold 
wnivercally, We shall assume that there are cattsal laws, ated 
ry to discover them ; bot if none are fend in a pivert region, 
that merely means that sciente cannot conquer that tegen. 
There are at present important regions of this kind. We do 
not ono why a radicactive atom ‘siitegra tes at one moment 
Father than another, or why a planetary electron changes is 
erbil at one moment rather than another. We cannot be eure 
that these oocurctences sevetally are governed by laws; but it 
they are net, aces cannot deal with them individually, and 
in confined to atatiatical averages. Whether this will prove io 
ee the case, We cannot yet say. 


* Mates, Moy 1, roa, suppheect, 
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Tt would be generally agreed that physica is an empirical 
Beletice, 46 contoasted with Ingic and gure mathematis. 1 
want, in this chapter, to define in what this difference consists. 

We may observe, in the first place, that many philosophers 
in the past have denied the distinction. Thorough-geing 
Tationalists have Believed that the facts which we regard as 
anty discoverable by observation could really be deduced from 
logical and metaphysical principles; thorough- going empiricists 
have believed that the premisses of pore mathematics are 
obtained by induction from experience. Both views seem to 
me fobs, and are, ] think, rarely held in the present day; 
nevertheless, it will be as well to exatoine the reasong for 
thinking that there 19 an epistemological distinction between 
Pure tnathematics and physics, before trying to discover its 
exact natute. 

There 16 a traditional distinction between mecessary and 
conbogent propositions, and another between analytic and 
syothatic propositions, Tt wag generally held before Kant that 
DeCeSsary propositions were the same a5 analytic propositions, 
and contingent propositions were the same as synthetic pre 
positions. But even before Kant the two distinctions were 
different, even they effected the same divisien of proposrtions. 
it was held that every proposition ig macessary, assertoric, oF 
posible, and that these are ollimate ootions, Gnopristd onder 
the head of “ modality.” I de oot think much cin be mada 
of modality, the plausibility of which seems te have coon 
from coofosing propositions with propositional Junctions. 
Propositions may, it 39 trae, be divided in a way corresponding 

rig 
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to what wat meant by analytic and synthetic; this will te 
exphinead in a moment. But propositions which ar not 
analytic can only be true or false: a troe synthetic proposition 
cannot have a further property of being neccssaty, and a false 
synthetic propedition cannot have the property of being 
Posuibk. Proposithonal functions, on the contrary, are of 
three kinds: these which are troe for ll values of the argoment 
of angoments, these which are Ealae for all values, and those 
which are troe for some arguments and false for others. The 
first may be called necessary, the second impossible, the third 
pestible, And these terms may be transferred to propositions 
when they are cot known to be true on their own acconnt, but 
what is known a3 to their truth or falsehood is dedoced from 
knowledge of propositional fenctions, E.g. “ it is possible that 
the next man T meet will be called John Smith ™ lea dedocoon 
from the fact that the propasitional function " * is 4 man 
and is called Jobin Smith’ is possible=<1.4, true for some 
waloes of + and Baler for others. Wherr, a4 in this instance, 
it is worth whik to say that a proposition is powible, the fact 
Tests Open cor ignorance, With more lncawledge, we should 
knoe who is the next man [ shall meet, and then it would be 
téeftain that be is John Smith or certaio that he rs tot John 
Emuth. Possibility in this sense thus becomes assimilated to 
prota bility, and may count as any dagres of probability other 
thant o and 1. An “assertoric” proposition, similarly, was, 
T think, a confused notion applicable to & proposition known 
to be trae but alo lon te be a value of a propositional 
fonction which is sometimes falee—e.7, “ John Smith is bald.” 

‘The digtinetion of analytic and synthetic is moch more 
relevant to the difference between pore mathematic and 
puysica, Traditionally, an “analytic’ proposition was ont 
whose contradictory was selicontradictory, or, what cume to 
the same thing in Aristotelian logic, one which ascribed to a 
mubject a gvedicatt which wus part of it—s.g. “ white horses 
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ara bores." Jn practice, however, an analytic proposition 
was one bose troth cold be known by means of logic alone. 
This meaning purvives, ax] is still important, although we 
tat oo longer use the definition io tacme of subject and ore- 
Wcate or that in terms cf tha law of coutradictihm. When 
Kant aygued that "7442-12" is synthetic, ha was using the 
mbjtct-predicate definilion, as his argument shows. Bat 
when we define an analytic propwition as one which can 
be deduced from logic alone, then “7 4+5=1¢" is analytic. 
Om the other hand, the proposition that the sum of the angiss 
of = triangle is two right angles is synthetic, We most ask 
ourselves, Ubetetote: What is the commen quality of the poo 
Positions which can be deduced fram the prémines of 
logic ? 

The answer to this question given by Wittgenstein in his 
Tractotes Logire-Pidloophicus stems to me the right ot. 
Fropesitions which form part of logic, or can tbe proved by 
logic, are all dautplogigs—ic, they show that certain different 
sets of symbols are different ways of saying the same thing, 
OT that one set says part of what the other ways. Suppose [ 
aay: Hd implies 7, then nat-gimplies not-p." Wittgengtein 
wigerts that " ¢ implies ¢" and ‘ got-7 implies mot-4 “ are 
merely different aymbols for one proposition: the fact which 
makes ane true (or false} is the same ag the fact which makes 
the other true for fale}, Such propositions, tharaiore, are 
tealh concermed with symbols, We can know their trith or 
falsehood without stodying the outside world, becaase they 
are only concemed with epmbolic manipulations, I showd 
add—though hera Witigenstain might dissent—that all pare 
Mathemeticn consists Gf tratologies in the above sense. If 
this is trae, then obvioushy empiricists sach as J. 5. Mill are 
wrong whto they sey that we believe a +24 Decause we Dave 
found 60 many instances of ite truth thet we can take an 
induction by simple enumeration Which bea littl chance of 
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being wrong. Every unpineadiced pera mist agree that sich 
a View feels Wrong: our cerlainty conceming simple mathe: 
titel propoiitions doss not seam analogous to our certainty 
that the sur will ise tomorow. IJ do not mean that we feel 
more gare Of the one than of the other, though perhaps we 
cought to do sc; I maan that our sagurance soso to have & 
different source. 

T accept the view, therefore, lhat some propositions are 
tantologies and some are dot, and I regard this a9 the dis- 
tinction underlying the old distinction of analytic and aynthetic 
prepositions. It is obviews thal a proposition which wm a 
tautology ig 90 in virtas of its form, and that any constants 
which it may contain can be tormed into variables without 
impairing its tautological quality. We may take 29 a stock 
example: ‘11 Socrates 15 2 man and ali men are mortal, then 
Socrmtes ig mortal." This is a vaiue of the general logical 
taotology : 

“ Bor all values Af 4, a, and 7, if sis anc, and all a‘s are 
O's, then x isa fF," 

In logic, itis a waste of time to deal with partinilar examples 
of general tautologies; therefore constants ought oever to 
motor, except such asare pueiy formal, The cardinal numbers 
tam out to be porely formal in this sense; therefore all the 
tonétints of pore mathematics are purely formal. 

A poopiition cannot be a tautology unless it is of a cerlain 
complexity, ¢xcesdiing that of the simplest proposithons. Tt is 
obvious that there is more cioplecity in equatiog bo ways 
ol saying the same thing than thece is in either way separately. 
[t is obvious algo thal, whenever it it actually wsefel to know 
that two sets of qymbols cay the same thing, or that one says 
part of what the other says, that must be because we baro soon 
lnnotwhedge as to the truth of falsehood of what is expressed 
by one of the sets, Consequently logical knowledge would be 
Wary oiiiipertent if it stood alone: ite inipertance elec 
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thraugh its combination wath lonredge of propositions which 
are Dot purely logical. 

All the propesitions which are not tautologies we shall call 
“aynthetic.” The simplest kinds of propositions must be 
ayothetic, in virtue of the above argument, And if logic or 
pore mathematics can ever be employed in 4 process heading 
to knowledge that is not tautelogical, there most be somos 
of knowledge other than logic and pure mathematics, 

The distinctions hitherto considered io this chapter have 
been logical, In the case of modality, it is tre, we found 
a cettain confusion from an admirtora of epistemological 
motions: but modality was intended to be logical, and in one 
form it was frand to be so. We come mow to ao distinction 
which is essentially epistermological, that, namely, between 
2 foe acd empirical koowledse. 

Krowledge is said to be a fron when it can be acqaied 
without requiring any Jact of experiemce as a precise: in the 
contrary case, it ig said ta be empirical. A few words are 
necessary to make the distinclion clear, There is a process 
by which we acqoire Knowledge of dated events at times 
closely contiguous ta them; this is the proeets called '" par- 
ception or "introspection ''* according to the character of 
the events concemad, There ig no donbt peed of mach dis- 
coasion 29 to the nature of this process, and of still more a3 te 
the nature of the knowledge te be derived from it; but there 
can bene doubt of the broad fect that wa do acquire knowledge 
in thit way. ‘We wake up and find that it is daylight, o that 
it is still night; we hear a clock strike; we set & shooting 3tar; 
we read the ntwspaper;andsoon. In all these cases re acquire 
knowledge of events, and the time at which we acquire the 
knowledge ia the same, or nearly the game, as that at wich 
the eventa take place. I shall call this process * perception ,’+ 


* Ido ook wish to prepedice the question whether there in mick & 
proccss ee pirpepectiog, | byt ql to ecudde at ft ech, 
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and ahaill, for convenience, include lntrospection—if this ia 
really diffgrent from what is commonly called “ perception.” 
A fact of experjence™ ja ane which we coukl not heave kncewn 
without the help of perception. But this js not quite clear 
bot we have defined what we oman by *' could not: for 
clearly we may beara from oxpericoce that z+2—4, though 
we aiterwards realize that the experience was not logically 
indispensable, In such cases, we see afterwards that the 
experience did not prove the proposition, but merely sugested 
it, and led to our foxding the real proof. But, in view of the 
fact that the distinction between empirical and a jfriori is 
epistemological, net ingical, it i5 obvicualy possible fer a pro 
position to changes from the one class to the other, since the 
clasnification involves reference to the orpanimtion af a 
particular person's loweyledge at a particular times. So me 
garded, the distinction might seam unimpertant: bot if 
sagecsts toot lets sobjectine distinctions, which are what we 
really wish to comer. 

Hart's philwophy started from the question: How are 
eyothetic a prion judgments possible? Now we taust first 
Of all make ao distinclion. Kant is concerned with Amsoladge, 
not with mere Selig? «= There ig no phiksophical problem in the 
fact that a mag can have a deief which is synthetic and not 
Based on experience—asy. that this time the horse on which 
be has put hs mousy will wim. The philesophical problem 
arises only if there ia a class of synthetic # prion btlieds which 
ig always true. Kant considered the propositions of pore 
Mathemation io be of this kind; bot in this he was misied by 
the commen opinion of his time, tp the affect that geometry, 
thongh a branch od pure mathematics, gave informaLion about 
actnal spect. Chwing to omt-Fuclidtan geometry, particularly 
as applied in the theory of relativity, we must cow distinguish 
Hurphy between the geometry applicatla to actoal space, 
which is an empirical etody forming part of piysica, and the 
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geometry of pure mathematics, which give) oo information as 
to actoal space. Consequenth this mstance of syotbete 
« grion knowledge, upon which Kant relied, is no longer 
available. Other kinds have been soppesed to axist—for 
example, ethical knowledgn, and the law of causality; but it ix 
nel necestary for out Porposcs to decide whether these binds 
really exit or not. So far aa physics is concerned, we may 
astunre that all real knowledge is either dependent fat Kast in 
part) Opon perception, or analytic in the sense in which pure 
mathematics js analytic. The Kantian syothetic # prion 
knowledge, whether it exists of oot, seems not to be found in 
Physics—onless, indeed, the priocipls of induction were to 
ooumt as sich. 

But the principle of indoctum, as we have already sem, 
has its origin im physiology, and this suggests a quite diflanmi 
Treatonent of a prtore beliefs from that of Kant. Whether 
there js 2 prion’ Puoetedes or not, there wndoabtedly are, in a 
certain sense, a peiors beliafs, We have reflexes which we 
intellectualize into beliefs; we blink, and this kads uz to the 
belief that an object touching the eye will hurt il. We may 
hays this belief before we have experience of its troth: if go, 
iL is, in a sense, pyothetic a proon koowkrdge—i.c. it is & belief, 
net bated upon txpenicnce, i a true synthetic proposition. 
Qur belief in induction is essentially analogous. But auch 
beliefs, even when true, hardly deserve to be called knowledge, 
since they are not all true, and therefore all reguire verifica- 
tion before they cnght to be regarded ascertain, Thase beliefs 
have beat wefol in gemerating scinnee, since they supplied 
hypotheses which ware largely trie: bot they need not eurvive 
dotested in cimlem science. 

T shall therefore asaome that, at any rate in every depart- 
mont rekvact to physics, ail knowledge is either analytic in 
the sense in which logic and pure mathematics are analytic, 
cris, af least in part, derived tom perception, And all know- 
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ledge which is in any degree necessarily dependent upon per- 
ception T shall call “ empirical." 1 shall regard a piece of 
Kocwledge as necessarily dependent upom perception when, 
after 4 careful analysis of our grounds for believing it, it is 
foond thal among these grounds there is the cognition of an 
event in time, arising at the same lint af (he event or very 
shortly after it, and fulfillmg certain forther criteria which 
an Decessary io order to distingnish perception from certain 
kinds of eoror. Thesa criteria wil] occupy us in the next 
chapter. 

In a gcience, there are two linds of empirical propositions, 
There are those concerned with particular matters of fact, and 
thiase concerned with jaws icpluced fron matters of fact The 
appearance presented by the gon and moon and plansts on 
pertain occasions when they have been seen are particular 
matters of fact. The inference that the sun and moon and 
Plantteesist even wheo noone is observing them-—in particular, 
that the san exists at night and the planets by day-—is an 
enpinical induction. Heraclitus thought the gun was new 
every day, and there was ne logical impossibiliny in this hypo 
theais. Thus empirical iaws got only depend upon particular 
matters of fact, but are inferred from these by a process which 
falls ghort of logical demongtration. They differ from pro 
Positions of pure mathtmatics both throweh Une tatare of their 
premisses and through the method by which they are laferred 
Irom hese premisses. 

Te an advanced science such os physics, the part played by 
pare madhematics consists in conmecting Varia empitical 
geooralizations with each other, so that the more general laws 
which replace them até based open a Koger amber of matters 
od fact. The passage from Kepler's laws to the law of gravita- 
tion la the shock instance. Each of the Uiree laws was based 
upon a certain eet of Jacts; all three sets of facte together 
formed the basis of the Jaw of gravitation. And, aa wmally 
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happens in such cases, new facts, not belonging to any of the 
three previous sets, were found to suppect the now law—-for 
instance, the facts of lides, of Innar motion, and of perturba- 
tens. Epistemologicalty, in spch cages, a fact isa premise for 
@ law; logically, most of the relevant facts are congequmces 
Of the law—a.0, all except those mquired te determine the 
Constante of integration. 

In history and geagraphy, the empirical facte are, at present, 
roore important than any generalizations based opon them. 
In theoretical physics, the opposite is thre case: the fact that 
the gan and moon exist is chiefly interesting a5 affording 
evidence of the law of gravitation and the laws of the traue- 
missin eflight. Ina philosophic analysis of physics, we need 
not ¢otgider partiqular facts except when they fom the 
evidence for a theory. Jk is of course part of the business of 
such an analysis to consider what all particular facts have m 
commen, and how they come to be known ; but such ingoiries 
ate general, We are interested in the concept of topography, 
but not in the actual bopography of the aniverse; at least, we 
are not intaresbed in it for ita own pakke, but only as affording 
the evidence for general laws. 

We have, in view of the above cooskicrations, s¢veral 
different matters to consider, before we can reborn to actual 
physics, We have frst to consider the nature and validity of 
the process we have called “ perception “; next we fave to 
investigate Uhe penetal character of the facts known by per- 
ception; and lastiy we have to examine the inference [rom 
facts of perception to empirical laws. After disposing of these 
topies, We shall regume contact with physics, asking qurselwes 
now, not what physica asserts, bit what justification it has 
for its assertions, and what inessential modifications will 
increase this jastifcation, 


it 
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Th this chapter, [ wish tp consider whatever would ordinarily 
passé for lnovledge of particular matters of fact, in so far as 
this is not obtained by a process of deliberate scientific in- 
ference. Lwant to consider this as far at poaible independently 
of the scientific laws based pon it, though not completely 
withoat reference to the primilive beliefs by which common 
#tnos draws inferences from perceptions. In particular, I 
wish to abstain from introducing the causal theory of per- 
cuptiog, onless, of investigation, Uhis shoald prove impossible, 
Tt will be understood thal my parpow is epistemalngical; 7 
ain considering perception because it is involved in the pre 
misses of empirical sciences, ot because it is imberesting an a 
mental process, It i+ of course necessary te comsiger its 
intrinsic character, but we do not do this for its own gake, we 
do it for the sake of the light that it may throw upen the 
character und extent of cut knowledge. 

We are met at the outset by a dificulty due to the fact that 
Philctophical terminology it inappropriate when the views to 
be expritecd art in any way unusual, “' Knowkedge ” and 
“ BeGel” both have commotations which are inconvenient for 
the purpose I have io view. They are both commonly 2pplied 
in orthodex piychokgry to something comscious and explicit, 
fich 24 is, of may be, abeady tipreceed in words. For oor 
Purposes, itis desirable toanchide more primitive occurrences, 
mach asmay be supposed toexistinanimals. Obvicwly «bird 
Can att an approaching man, and fy away in comsequétice. 
T with to include under " perception " what happens in tie 
bint, and alto te gay that the bind “ lows " somethiog when 
it seen a man, fhocek J shall ae tare to sey what it knows. 
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But at this pomt a good deal of caution is necessary. My 
imowledge of the bird is part of my knowledge of the external 
world, and ia partly, i not wholly, physical knowledge. There- 
fote when I am asking: how de 7 leew aboot the physical 
world fT have no right to begin by comparing toy knowkdge 
with that of a bird. I must start from myself and my cen 
cognitions, and ust the bird only to suggest hypotheses. This 
cantion applies alse to what was said in Chapter X¥- 

Again, there it abways 5 danger, i epistemology, of potting 
the Jess certain before the more certain. My knowledge of the 
process of perceiving ia leas certain, and less primitive, than 
my Knowkedge of percepis. Wher I say,“ [ koow that [ have 
just heard @ clap of thonder," I am saying something not so 
indobitable aa when I say, " There has just been a clap of 
thunder,” [tis facts of this latter kind that are required aa 
Premises in physics. A tan might bt completely competent 
asa physicist if he knew such propositions as ‘' Ther: bas just 
Been a chip of thonder “ even if ba lew no propesitions 30th 
as’ D know that thare has just been a clap of thuier.'' The 
Comsideration cf our knowing, a5 Opposed to what we low, 
ts forced on us by the fact that what we think we koow scme- 
Lipnes turns out te be false: if this were not ihe cage, an anabysia 
of matter need not consider oor knowing at all. As it is the 
cane, We are compelled to exainine au Koowing, a5 well as 
what wt Ino, with a view to discovering, if possible, how to 
minimize the rigk involved in taking a3 knowledge what, on 
reflection, we still balieve to ba knowledge. 

We are often weed to adopt an artificial naiveté in in- 
Vettigating problems concoming what we ‘ncw; if we de not 
do so, we ars accused of the " pxychologiet's fallacy.” Now 
mm certain problems this caution is quite proper, but m othera 
itisnot. My problem is: What do L, bere and oow, know about 
the external world, and how dol know jt? [tis obvious that 
my knowledge af the’external world cannot be dependent 
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uper {aay) how kg it takes m figh to learn to recognize the 
man Who feeds it, since this soppoges that I unc all about the 
fish and the man andthe feeding. Facts abet the perceptions 
of babies, such as we comsidered in Chapter KV., come uoder 
the seme bead. Long before I can know that there are babias, 
Tmust know toany other things about the external workL =I 
want to start from what come ¢pistemologically Gret in my 
existing knowlege new; and in this problem, chviously, | 
cannot assome that f already know all abot the experiences 
cE animals and babies. There musi therafore be no artificial 
nelveté, but a steaghtiocard inveatization of my knowhkedge 
aa I Gnd it. 

The position may be Wustrated by Choang-Tre's story of 
the two philosophers on the bridge. The rst says: "' See bow 
the littin fishes are darting about. Therttn consists the 
Pinasure of fishes’ The second replies: “ How de you, oot 
being a fish, know wherein consists the pleasure of fishes 7” 
To which the Gost retorts: “ How do you, 20 being T, know 
that [ do not know wherein consists the plaacura of fighes 7! 
My position is that of the second philegopher. H other phil 
sophers know “wherein consists the pleasore of fishes," I 
congratulate them, but 1 am not thus gifted. 

When [ try to disentang!e the primitive from the inferred 
elements in what I take to be my knowledge, I find that the 
task in not really very diffeult, except in cartain niceties, 
The primitive part seems something Like this: There are 
éoloured shapes which move, there are moiscs, amalia, bodiky 
semaations, the expeneoces which we describe as these of pooch, 
and so on. There are relations among these itema: time- 
relations [earlier and later) among a]] of them, and space- 
rehticnn (up-and-down, right-and-left, and the relations by 
which localization im the body is effected) among many of 
them. There are recollections of scme of these things; this 
eens indubitable, although it is not easy ta pay in what a 
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recollection coneiste, of heew it is cclated to what ft recollects. 
There are also expectations; by this [ mean something just as 
immediate 29 memory. Everyone know; the story of the 
Orangemen wh fell off a sceffolding aod mormured as he 
fell: *' To Hell with the Pope, and nove for the—bomp.”' Ha 
Was CX ptrenoumg expectation in the sense in Which I mean it. 
OF thoughts other than igémoties and expectations, it is not 
neceseary to take account when our sole purpose is to reach 
the primitive basis of cor knowledge of matter. 

In the above account, T have omitled many things which 
T formerly linew,"" and which, apparently, most other people 
“henew.” To have omitted “objects.” In former days, my 
apratatos od non-inferential knowledge included tables and 
chairs and books and persons and the sun and rooon and stars. 
J have come to regard thege things a3 inferences. 1 do not 
mean that I inferred them formerly, or that other peopia do 
sonow, I ftuly concede that ] did mot infer them. Bout now, 
aa the reaqult of an argument, | have become unabls ta accept 
the knowledge of them a3 valid imowlecdge, cucept in so far 
ag it can be inferred from soch knowledge as I still consider 
epistemologically primitive. 

The argument in question wookd natoralhy, but not validly, 
express itseli in terms of the causal theory of perception. 
What 2 ses—so it might be urged—is caosally dependent upon 
the light waves that reach my cye, and these waves might be 
reflected of cefracted in such a way ai to deceive mit con- 
cerming their source. This way of stati the argument is 
liavalid becouse JE assumes moore knowledge of the physical 
workd than we bare any right to assuort #t oor present level. 
But the facts upon which it relies can be easily mads avaiable, 
without any wnidus assuption of krniwledgs, for the purpose 
of proving our conclusion, In certain cases im which we sttm 
to have iamediate knowledge of objects, wo find onraclves 
rurprived by something totally woexrpected. The dog listening 
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bo bis master’s voice" on the gramophone may sttve a an 
Wottration. He thinks he perceives his master, but in fact 
be only perceives a oise, In restaurants which wish ta lpok 
lmrger than they are, coe whole wall somatimes consists of 
inoking-gigss, and it ip say to suppose that ote perceives 
diners at tables, when in fact they are mers reflections. Per- 
spective can be made ta deceive. When | say “ decerve,” in 
this commection, I mean “ rouse sapoctations which are met 
tplilled.”” Jt is oseless to multiply examples. The upehot is 
that what seen Jike perception of an object is mally percepbon 
of certain sensible qoalities together with expectations of other 
sengible qualities—the commonest case being something visual 
which romges tactual expectations. It is found that the o2- 
casional deceptive experiences are not, in themselves, dis- 
tinguishable from those that are not deceptive. Henoe we 
conclode that we bare te do sith a conmelation which js usual 
but oot invariable, and that, if we wish io construct an exact 
science, we Ousl be sceptical of the associations which ¢x- 
pPericoce has kod us bo Jorn, connecting sensible qualities: with 
others with which they are often but not always combined, 

The abowe argument is based upon principles which conmimnen 
aemee tan be brought to accept, and has a conclusion which 
physica has acoepted, though perhaps without folly realizing its 
scope, The argument j2 not “ philosophical,” in the sense of 
ening from a ragion quite different ftom that of science and 
ordinary knowledge. [t proceeds merely on the wual 
Principic of trying to sobstitote something more accurate for 
@ belieé which has been found to bead toerror on occasion. = Tt 
Las ana consequence that matter,” in physics and in phil 
popay, H legitimate at all, cannot be altogether identtied with 
ths common-semsc potion of a material abject, though it will 
have a carta connection wilh this ootion, since the common- 
sent bebel La material objects does not ssieaily lead to false 
expectations. 
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Some misunderstandings must b¢ guarded agaist an regards 
expectation and ermor. Neither of these is primarily intel- 
Inctual; I should be inclined to say that both are primarily 
mnscular—or, We may say, Devons, in order mot to seem 
faradoxical. Suppose you set to work to lift a watering-can- 
you may adpast your muscks in the way appropriate if the 
can 13 fall, of in the way appropriate if itisempty. Ii they 
are adjmsted to a full can when the can is empty, pou recehve 
a shock of surprise on experiencing the lightness of the can. 
You wack describe your axperience by saying, } thought tha 
can wis fullof water.” But asa oils, in sock sitmations, there 
has ook bem anything that could be called" thought "; there 
has been physiological adjustment a3 a result of a stimulus. 
OF course there may have been "thought"; and whatever 
“thought may be, it certainly can produce the kind of 
mustolar eects which we are considering. But these efiects 
can be produced more directly, and agually are, There is oo 
little essential difference betweea process involving” Ehonght™ 
and one not involving it that it 9eem9 4 mistake ta confme the 
motions of truth and error to intellectual processes; they coght 
rather, it seems to me, to be applied to the completa reaction 
of a parson to @ situation, in which ~ thought “ is only one 
element. Bot it will net do, at our present level, to introduce 
physiology, since we ara consudering how we know about 
matter, and must not therfore assume that we already know 
about the matter in cur own body. However, the phenomena 
ara aasihy described in the way whith our problem domands. 
In tha case cf tha watering-can, the vivid part of the experience 
in tha surprise. But by means of attention a number of other 
elements can be obgerved. We can obgerve the feelings which 
are interpreted as meaning moascular adjaskment to a heavy 
igad; we can obsarve the visual appearance described aa the 
can coming wp with a jark; we can observe the seddan change 
in what, for short, we may call musmilar feelings, [Et is im- 
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natoral words to oy presuppose physiciogy; but it je clear 
that tharsis a great daa) that can be directly abser-ed, without 
invoking any theory, In aoch a process, what comes earlicr 
may be described as “error” because of the emotion of 
marist which follows. Where the activity which bas been 
begun Tins its cote Withoul leading to ibis emotion, we shall 
gay thal there ig poterror, T hesitate to décribe " bruth " to 
sHoeathing preintellectual, but at any rate we may say that 
there is “ cornectmess,”” of that what hey succeeded to the 
scmabron (or perception) which came at the beginning of the 
Process has Dero" correct." We may shorten this by saying 
that the response te a stimulus may be “ correct” or “ ere 
roneous.” = Bil dhe longer phrase bas the merit of not assnming 
a0 mith dnowledge of caugal relations. 

In the situations to which the above analysis applica, we 
have the advancage of 4 perfectly definite criterign of corpect- 
mess of error. Thea feeling of surprise marks error, and the 
abpence of this feeling marks correctness. Tt mugt not be supe 
posed that we have gormalty an cxpliait provision, still less 
an expdicit inference; all that can be said is that we are i stich 
a condition that one sort of event will cages: sucess whik 
another sort will not. Consider the experience we have all 
had, of “ thinking’ wa were at the bottom of & starcass when 
in fact there was another step to go dewn. In such a cas, 
wheo we “ think " we are at the bottom, we do oot think at 
all, for if we did we shook oot make such a silly mistake. 
Todeed, we might say (or an Irabman might): “I thought I 
wad at the beter because 1 wasn't thinking.” 

Tt is fairly clear that all gur elementary intellect] pro- 
cess have preintelectoal analogees. The analogue of a 
general cansal belief is a redex of a habit, A dog goes te the 
dining-room when he hears the dimner-bell, and s0 do wa. 
In the cose of tha cog, it ia eazy to suppose that he has merely 
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acqoired a habit, without having formulated the induction: 
 Dinner-belly are a cause, or an effect, or an indispensable 
part of the cause, of dinner.” We, However, can formulate 
this induction, and we shall then suppose that it i9 because 
we have done co that we go into the dining-room when we 
hear the bell. [nm fact, however, we may be just an marshy 
habitual as the dog. The elamentary inductions ef commen 
sense ae first habits, and oniy sabseqocatly belicfs, We may 
say that vf, in oor ¢xperionce, 4 is accompanied by 3B either 
often of in some emotionally important maooer, this fact 
causes first a habit which would be rational if 4 were always 
accompanied by 2, and then a belief that 4 is always accom- 
panied by 4—the jatter being a Tationalization of the pre- 
existing habit. 

General propositions may thus form part of oor thinking 
from the start. Soch peneral propositions are merely the 
werbal caopressionh of habits. The hand-eye co-ordination 
becomes Grooly Baed a4 moter babit, and then, when we think, 
we cooclode that what can be sem can oflen be touched—in 
fact, that it can be touched in citcimetances which we loiow 
in practice, though we might have difttulty in fonnulatiog 
ther exactly. Such general propusitions are jy nthel, and 
are in a certain sense @ gre, for, though caperience has 
teesad them, they are nol obtained by infercuce from olber 
Propositions, but by rationalizing and verbalizing our habits; 
that is to say, Heit antecedents are pre-intelectual, The 
tranblewith them is that thay are never quite right. Common 
pane, 0 what it will, cannot avoid being surprised comasinoally. 
The object ef sclence is to spare it this emotion, and craate 
mectal habits which shall be in such close accord wilh the 
habits of the world as to secore that nothing shall be onex- 
pected, Selence has, of poorss, not yet achieved its ideal: the 
Great War and the earthquake of Tokyo tock people by sur- 
poise. Bit it is hoped that m times soch events will oo longer 
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istucl oa, becaose we ahall have expected them, However, 
IT da not wish at his stage to Consider cur knowledge of general 
Propositions; it is particular matters of fact that comcem 04 al 
Present. 

Although, in cor bess intelicctnal moods, we act as the resol 
of & Sensation withowk stopping to think tr. when we blink 
because we sec something approaching the eye), yet wa can, 
when we choot, teact toa stimulus in the way which is called 
“Joowmg " it, aod we often react involontanly in this way. 
it 9 mot necessary, in an analysis of malter, to decide what 
"lonowing "15; it is only necessary to decide what is known, 
in $0 Bar as this is relevant to our knowledge of physics. The 
list which 1 gave sarlier in the present chapter was designed 
1o be such os would exclude the risk ol error, Using " ¢rror™ in 
the sense which [ have been dafining. Common sense is liable 
to em—aof tibia we have already given instances. We cannot 
therefore inclode the common-sense notion of an" object“ 
or “thing as part of what we know, But the sengiblke 
qualities which can be analyzed out of phe thing can be 
adioutted without ever leading us into error. These, there- 
fore, are to be accepled a5 genuinely known. 

Tt 1s a remarkable fact that all such lnowledge, when not 
inferential, arises at about the same time as what ts known, 
though it may survive for an indefmite time in the form ol 
memory, This ia the essential peculiarity, which we man- 
Hooed earlier, that distinguishes the empirical premistes of 
empirical knowledge. These consist of facts which become 
known spantanecnsly at aboot the time when they occur, 
and canoot be loan sooner extcopt by elaborate and more or 
less doubtful inferences from other auch facts. The process of 
getting te know aach fects without inference in cailed "' per- 
ception,” and Imowledge derived wholly or parthy from per- 
capboo Ie maid to be based on experience. A Greek could 
know the multiplication table as wall as wa do, but he could 


net know the bicgraphy of Napoleon, 


CHAFTER XIX 
DATA, INFERENCES, HYPOTHESES, AHD THEORIES 


Worn 2a man of sciences efeake of his" data,” he knows very 
well in practice What bea cans, Certain experiments have 
been conducted, and bave yislded certain obsecved resolts, 
which have been recorded. But when we try to dafine a 
"datum" theoretically, the task is moi altogether easy. A 
datum, obviously, must be a fact known by perception, But 
it is wary difficult to arrive at a fact im which there is ao 
alement of inference, and yet it would seem improper to cali 
sxmathmg a ‘datum if it inwolwad inference as welll a5 
Observation, This constitutes a problem which must be briefly 
considerad. 

What 1 recanted as the result of an axperioeot or observa- 
ton 18 oever the bare fact peremived, but this fact as interpreted 
by the belp of a certain amount of theory. Take, sy, the 
étlipsc obstrvations by which Einsteio’s theory of gravitation 
was confirmed. What in fact was given if perception was— 
apart iran the previous armangeemenisa—a visual pattem of 
dots, interpreted as a photograph of stars Dear the gun; a 
tactual-visual mipenence talied " measuring,” and finally 
coincidences of certain visnal appearances with certain others 
called “nombersonascale.” Atleast, whether thisisactmally 
2 COffert BCOoUnt oF Hot, It rapresanta the sort of thimg that 
cocured. A considerable amount af theory was iavobved in 
merely measuring tha photographs. And of course a wast 
structures wat involved in interpreting the photographs 25 
photographs of stars, and in inforring thence the coors which 
the light from the stars had pursued. It is the theoretical 
elament in mitasuring the photographs that most needs to be 
ptrecsed, since it i+ easily overlooked, 

aay 
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Tt is Sometimes taintained that them is samething of the 
Datare of inferemct at an tvet sarlier stage. The effects of 
B given sensory siimnius upoo twa men with indistioguishable 
sneningens bot different experiences may be very different. 
The most obvians illustration ix the sfiect of print upon @ man 
who can read and upag 4 man whe caput. A child learning 
te toad is aware of each latter in turn asa certain shape, aod 
finally atrives, with pain and labour, at the word. A tan 
who iemtocd to read as a child is quite unconscious of the 
Jetters, aukess be 14 interested in typography or looking cut for 
tisprints; normally, he passes straight to the words, and to the 
words 23 having meaning, nat as black marks on white paper. 
Nevertheless, be is very likely to notice an oddity at once—- 
say if someone omitted the 2in  Niclztche.” In writing toa 
Bhilssopher to ask for a testimonial, it would be very unsafe 
to aseuoe that he would not detect an ertor of this sort. But 
the detection of the error ia due ta the element of surprise: the 
phiksopher ig expecting a2, and hag a shock when i is mot 
there, like that of a tan who has reached the battom of a 
slaircase but thinks there is ancther siep, The philesopher's 
bedy wag expecting a 7, though his mind was otherwise 
occupied, 

Amore ortbedex ilustration is the diflerence between the 
afiect of a visual stimelus opon an ordinary man and upon 
amo boro blind but mabled to sco as the result of an opera: 
tum. The latter bas oot the tactoal associations of the 
ordmary man, aid cannot “ interpret " whet be eon, ATH 
we 10 include in perception this element of wocensciows inter- 
pretation, of aré we to inctuds only what we imagmeé that 
the samt stimulos would bave produced if there had been 
bo such previous experience as woukl make interpretation 
peesible ? This is not an altogelber easy question. Un the 
ane Land, the interpretation depends upon correlations which 
are iregeemnt bot probatly oot invariable, sc that, if it is m- 
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Coded, it might som as though perception would sometimes 
contain an élement of error, On the other band, the element 
of interpretation can only be eliminated by an elaborate theory, 
a0 that what recoaina—-the hypothetical bare” seosation "“—ia 
hardly to be called a“ datum,” gince it is an inference bom 
what acioalip oecure, This last argument is, to my mind, 
condluaive. Pareaption must includes thom elements which 
are itiedincibhy physiological, bot it need not on that accomt 
inchide those elements which come, oc can be made to come, 
within the sphere of conscious inference. When we hear (say) 
a denukey braving, we are quite conscions of inference from 
the noise of the donkey, or at any rate we can easily become 
ronscione of it, I should mot, therefore, in this case, iocloda 
anything else of the donkey with the percaption, but only rhe 
mise. And if you see a donkey, though you may have re 
actais connected with the sense of touch, these are never 
enofounded with what you feel when you actually tench him. 
T ahould therefore say that a great deal of the interpretation 
thal otualhy atcompaniés a perception can be made comtcdous 
by mere attention, and that this part ought not to be intloded 
in the perception. But the part which can only be discovered 
by careful theory, and can never be made introspectively 
obvious, sugit to bo included in ths perception. Perhaps the 
Ime betweea the two is mot ao sharp as could be wished; bot 
T de oot sce how ele to meet tle conflicting considerations 
which present themselves. 

We have still to agk ourselves whether perception, a 
defined, wil) sometimes contain an element of error. Here we 
most distinguish, I, may be, and often is, atcompanied by 
expectations which are disappointed; and we agreed to take 
this as the mark of error, But the expectations can be dis- 
tinguished trem the perception, although in practice this may 
oot alwnya be cosy. The tactus! accompaniment of visdal 
perceptions are of the natu of expectations. There are 29 
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such ancompaniments of perceptions Of the heaventy bodies. 
T think that im al! cases in which error oceors it 15 sagy to 
Whatever "interprotation doe tot involve expectations 
feed oot be regarded as ¢rronecdt. It la supposed thal in- 
distinguishable still may fll open indistingulshable sense 
otpans, and yet result in distingaishable perceptions becaggse 
of differences in the Braing of the two percipients—these 
differences tm their brains being the reselt of different ex- 
petiences. Bot thera ig not on that account anything #r- 
reneens in the perception of either. A different event occurs 
in the ote foc: that which otors in the other; but each event 
really occurs. This topic, however, cannot be adequately 
discussed antilwe come to the causal theory of perception and 
the relation between perception and physical stimulus. 

1 come now te the question of inferences, which has already 
bem tedched on. As we have seen, there is a porely physic- 
hogleal form of infereoce which beloogs to an #arbier ttage than 
explicit inference, though it persists in the habits of even the 
fost sophisticated phikesopher, toch as Hume. The next stage 
is where there if an actua) passage from one belie! to another, 
but the passage ig a mere OCT ERE, Not A transition motived 
by anargument. In this case, the transition is usually caused 
by a physiological inference. Them there is inference based 
upon some belped: bot even then the belial may be whothy ine 
onal, oF it may not logically warrant the inference, which is 
the case cf fallacious raasoning. Laostiy, there ia valid inference 
ty means of a tre principle—but of this 1 cannot give an 
indobitabls instance, 

Tn historical fact, these types af inference emerge succés- 
sively, but a later type does not cause an earlier one to dik 
appear. Moreover, the later type tects to be adapted to the 
earlier, Firat we have physiological inference: thia is 
exemplified when a bird Bies so aa Dot to bump inte aolid 
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objects, and faity when it bumps inte a window-pans. Then 
there is the transition from the belief expressing the promiss 
af the physiological inference to that expressing its conclusion, 
without any cofstiotsness of how the transition is effected. 
Then there ig belief in a ceugal law which ia the inteTectualized 
expttssict of the habit embodied in the physiological inference. 
And last of all ther is the saarch for criteria by which to 
distinguish between tous and false cansal laws, these criterin 
being intellectual, not mere habits of the body. This last 
stage i¢ only reached when 0 come to science. 

Ome of the roain porposes of scientific inference is to postily 
beliefs which we entertain already; Dut a a mile they are 
justified with a difierence. thar preaacientific general beliefs 
are hardly ever without exceptions: in sciente, a law with 
exceptions can only be tolerated a9 @ makeshift. Scientific 
laws, when we have reason to think them sccorate, ate cifferent 
if form from the common-sense rules which have exceptions: 
they are abways, ot least in physics, either differential equa- 
tions, of statistical averages. It might be thought that a 
statistical average i aot very different from a mile with 
exceptions, but thi would be ¢ mistake. Statistica, ideally, 
aTé BOCUEte laws about large groups; they differ from other 
laws only in being about groups, net aboot imdivedinals, 
Statistical laws are inferred by inductkm from patticular 
étathetics, jast as other lage are inferred from particular simgk 
ecourrences. All this, however, io by the way: the point 1s that 
inference we a practice has & long biatory before it becomes 
acien tific, 

The most important inferende which scienct takes over Irom 
CONG SeTlee i GUeretice to anpercalved entities, One form 
in which common ¢enée makes this inference is that of a belied 
that objec which have been perceived atill exist when they 
ure not perceived. If, at a dinner-party, the electric light 
suddenly goes out, no one donbty that his ocighbours and the 
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dinner-table and the food and drink aiill exist, although ai 
the mament they ate unperceived. When the fight goes on 
again, this belief appears to be comStimed: if there ace fever 
spocns than before, we do not infer that they have ceased to 
exist, but that someone present isa thief. This bellef in the 
pttmanence af perceived objects bas gone through a]] siages 
rota physiological inference to advanced scientific or philo- 
sophieal theory; the inquiry inte its jugtification is the central 
problems in the analysis of matter, philosophically considered. 
No one, not even Herkeley, has treated it with quite the 
Betiotaneass that it deserves, because the physicingical inference 
is go irresistible that it is dificult to achieve a purely intel- 
lectwal atlitede towards the problem. This inference is the 
erarce of the philosophical notion of " substance" and the 
Physical gotion of “matter” For the present, | am only 
potting the inferences te be comsideted; ] am not attempting to 
investigate their validity. 

Uinperceived entities are also inferred by comune seme 
when it beliewes that other people have “ minds.’ 1 wish 
to make it clear that even the most rigid behayiqurist makes 
this inference, although in a dightly different form. Dr 
Watson, for example, would admit that bis own toothache can 
lead him te say, ‘1 have a toothache,” whereas another 
person's toothache will not lead bim io say "Yoo have a 
tonthache “ without game intermediate link. Whatever may 
be our analysis of “ knowledge,” we certainly know things 
about oor own bodies in ways which are net open to us where 
other people's bodies ame concerned. There is nothing 
Toysterious about this: it is amalggoos to the fact that some 
sounds gre within earshot while others are not. The point 
if that we infer, from the bebaviewr of others, the existence 
cf things (much as toothaches) which we cannot perceive. 
Whether we say that these things are“ mental “or " bodily ” 
Makes po difference 19 the fact that we make inicr 
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ences, Thest inferences, ale, ar¢ at first purely physic 
logical 

From the point of view of physics, the mierence io other 
people's “minds has a twofold importance. The first, 
which is not specially physical, is concermed with testimeny. 
What ft aementy accepted os the experimental eddence on 
any topic of physics iInchndes not only what a glved phydleist 
has himself observed, bot whatever has been reliably recorded, 
Everything that we learn from what other people say and 
write involves inference om something perceived {spoken or 
weritten words) to seuréthing unperecived—aamely, the 
“mental '" events of the speaker or writer. It tay be Lhat 
tha primary inference is only to another person's percepts, 
bat it ig noon the less an inference to Something which wr do 
wot peteriye, The second point about the inference to other 
people's percepts it specially physical; it comcemms the fact 
that different people live in a onmon wkd. The percepts 
a tro different people, if we accept testimoay, are found 
to be often very similar, though not txacth: alike; this Isads 
to ibe theory of 2 common external cause—is. to the cause] 
theory of perception, and te the division of the qualities of the 
Peronived object into such as belong te the extemal cous 
amd such as are supplied by the body of mind of the 
Petciplent, 

The development of science out of common geng¢ has oot 
been by way of a fadically new gtart at any moment, bol rather 
by way of successive appramations. That is to say, where 
some difficalty bat ansen which cerrent common sense coukd 
not solve, A modification bas been made at some point, while 
the reat of the commmdn-sen3¢ View of the world hus been re- 
tained. Subsequently, using Unig modification, another modi - 
fication bas been introduced alse where; and soun, Thosscence 
hes been an historical proeth, and bas eseumed, at sarh 


moment, & more or less wagne background of theory dived 
13 
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from common sense, ‘This i5 one difference between science 
and philosophy: philosophy attempts, though not always 
anccesshiilly, to set ont its inferences int a form which assumes 
nothing on the mere ground that it has always been assed 
hitherto. Ft may be doubted whether science can rete its 
vitality if it is severed irom ity root m our animal hablia; when 
ect forth quite abateactly, it loses plausibility. Induction, for 
axamph:, 15 difficolt to justify, and yet indispensable in scieoce. 
In such cases, I shall allow myself io accept what seeme 
THCEESETY On pragmatic grounds, being content, as acience ib, 
if the results obtained are olten verifiably true and never 
verifiably false, But wherever a principle is accepted an anch 
grounds as these, the fact should be noted, and we shoold 
realize that there remains an mtellectua!l probiem, wheoher 
eoluble or not. 

The actoal procedure of science condisté of an allernation 
of observation, hypothesis, experiment, and theory. The 
only difference between ahypothesis and a theory is aubjective: 
tha investigator believes the theory, whereas he only thinks 
the hypothesis soficienthy plausible to be worth testing. A . 
hypothesis should accord with all known relevant observations, 
and suggest euperiments [or observations) which will have one 
Tesult Wf the bypothesis is toe, and another if it is false. This 
ip an weal: in actual fact, other bypotheses will abeays exist 
which are compatible with what is meant to be an exteri 
sume crveis. The crocial character can onby be as between 
fwo bypotheses, not ax between one hypothesis and all the 
rest. When a hypothesis has passed a sufficient number of 
eXperimental teste, it becomes a theory. The angoment in 
favoor of a theory i6 always the formally invalid anpoment: 
" 2} umplies g, and g ix true, therefore # is true.” Hare pin the 
theory, and ¢ is the obtereed relevant fects. ‘We are most 
imprtased when gis very improbable ¢ prio. For example,* 

" Sommerield, of. fo. oly. 
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observation gives Rydberg's constant 24" 

Rav Og678 20! cant, 
whikt Bohr’s theory gives: 

R=P oI cat, 


which it within the degree of accuracy to be expected if ibe 
they is meht. Nomerical confirmations of this kind are 
always the most striking. Nevertheless, even they must be 
received with caution: Bolr's theory of circolar orbits required 
modifitation by the admission of elliptic orbits, and thn 
tered oot to be not (he only theory whith would give a correct 
value of Rydberg's conslant. 

When a theory fits a nurober of facts, but goes slightly 
astray in regard to certain others, it happens generally, though 
net always, that it can be absorbed, by a slight modification, 
inte a Dew theery which inchides the hitherte discrepant facts. 
There are exceptions, of which the theory of relativity is 
perhaps the mest notable: here an immense theoretical moen- 
struction was required to account for very minute discrepancies, 
But in general a partelly soccesshol Ehtoty is an essential step 
towards its soceessor. And a resclt deduced fiom o# hitherto 
sucocsélul theory i tore likely to be right than the theory is: 
the theory ié only right if af its consequences are tne (at least, 
#0 far a they can be tested), but a verifiable consequence of 
the theory ts Hikeby to be bros [f scsé of the verifiable conse- 
quences are tous. That is why the practical value of scientific 
theories ia so omch greater than their philosophic value as 
contributions to ultimate truth. To same extent, We can 
distmguish, among the consequences of a themry, which are 
the most relioble: they will be those in the fegion of the facta 
which have given rise to the theory. No one is surpred to 
find that an empirical law connecting specific beat with 
temperature fails for temperstores moch lower than those for 
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which it fas Geen found to be correct; Dot if, in the middle of 
these latter, there was found to be a smoall range of tempera- 
tures whare the law failed, we dhould be very much surprised. 
Thus there is a kind of common sense to be weed in applying 
theories ; som applications can be made with ponidence, while 
others will be felt to be questionabk. 


CHAPTER 4X 
THE CAUSAL THEORY OF PERCEPTION * 


Common seit bokis—though not very explticith:—thet per- 
ception reveals external objects to us directly: When we *' ste 
the sun,” it is the son that we eet. Science has adopied a 
diferent view, though without always realizing its implications. 
Stience holds that, when we “ ge¢ the sun,” therm te a process, 
statting from the aun, traversing the space beiween the sun 
and the eye, changing its character when it reaches the eye. 
changing its character again in the optic nerve and the brain, 
and finally prodocing the event which we call "seeing the 
sun.’ Our knowledge of the sim thas becomes inferential; 
out direct koowledge if of an event which i3, in some sense, 
“in ug."' This theory has two parts, First, there is the 
rejection of the view that perception gives direct knowledge 
of external objects: secondly, there is the assertion that il 
has extemal causes 25 toe which something can be inferred 
from it. The frst of these tends towards scepticism: the 
second tends in the opposite direction. The frst appears a5 
certain as aD y thing in science can bope to be; the second, on the 
contrary, depends tipen postulates which have iitte more 
than @ pragmatic justification, It has, however, all the merits 
of a goad scientific theary—i.4. its verifiable consequences art 
never found to be inlse. Epistemotogically, physics might 
be expected to collapse if perceptions have no external cause; 
therefore the matter mogt be axamimed before wet can fo 
further. 

We mont frat give somewhst more precision to the common- 


7 on Phde eubjeck, of chap. de. of Dr Bad's Perego, Pein, amd 
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snet view which i5 rejected by the causal theary. We have 
to atk what is meant by “extemal objects.” Ome woold 
natiutally say “' spatially extemal." Bot “space is very 
ambigoous: in viewal epace, the objects which we sea are 
mutually extemal, and objects other than the visua] ap- 
pearances of parts of cot own body art spatially external to 
those appearances, in the spact derived from the combina- 
tion of tench and sight and bodily movement, which is the 
ondinary apace df common sense, there ig Uhe same extemality 
of visual appearances other than those af parts of our own | 
body. Thus spatial extemality, in the sense in which space 
cat be derived from the relations of our own percepts, is not 
what igcoeant. 1 think we shall come negrer to what is meant 
we say that two people can perceiva the same object. In 
SOO Senet, unless we reject testimony, we must of course 
adioil that this is tree: wo can all see the soo unless we are 
bind. But this fact is differentl; interpreted by cocamon 
seme and by the causal theory : Sor common senge, the percepts 
are identical when Pwo people gee the aun, whereas for the 
causal theary they are only similar and related by & common 
causal origin. 

lt would ba a waste of lime to recapitulate the arguments 
against the common-sense view. They are numerous and 
obvious and generally admitted. The laws of perspective 
Tay serve ws an iWustration: where one man sees a circle, 
another sees an ellipse, and 9 on. These diffarances are nol 
doc to anything “ mental,” since thay appear equally to phote- 
Graphs from different pomte of view. Common soe thus 
becomes invelved in contradictions, These do not exist for 
solipaiam, but that ic a desperate remedy. Tho alternative is 
rhe causal theory of perception. 

We must not expect to fod a dementias that perceptions 
have external camtes, which tay produce perceptions in @ 
mumber of people at the same lime. The most that we can 
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hope for ig the wsual groond for accepting a scientific theory— 
namely, that it links together a sumber of known facts, that 
it does not have any demcnstrably false coneequences, and 
that it sometimes enables us te make predictions which are 
aubeegaently verifed. All these tests the causal theory 
Qolfila; it must not be assatoed, however, that ne other theory 
CMG fulfil them. But let as examine the evidence. 

First: therm can be no question of logical proof, A certam 
collection of facts is known tp me by perception and recol- 
lection; what else I believs about the physical world is either 
the effect of unrestening babit or the conclusion of an 
inference. Now there cannot ba any logical impossibility in 
a world consisting of just that medley of events which I par- 
ceive or remember, and nothing elac, Such a world would be 
fragmentary, abso, and lawless, but not gelf-contradittery.* 
Tam aware that, according to many philosophers, such a werld 
would be self-contradictory. Iam aware also that, acoornding 
to other philosapher, what we perceive is mot fragmentary, 
but really embraces the whole colverne—what is fragmenta 
is only what we perceive that we perceive, The first of tise 
views is Lhat of Hagel and his followers; the second is that of 
Bergeon and (perhaps) of Dr Whitehead. The Hegelian view 
regia upoo ao elaborate logic, whith 1 have controverted on 
fotiner oocasions; at present [ am content to cefer to what I 
have written before, The other view is traditionally associated 
Wi inysticiem; my ragsons for not accepting it are given in 
Afysticngm and Lor, I say, therefore, on grounds piven in 
former writings, that the world of perception and mamory ts 
fragmentary, but not sell-contradictory. Cn grounds of login, 
Z hold that nothing existent can imply any other existent 
except @ part of iteelt, if implication ia taken in the sense of 
what Professor G.I. Lewis calls '" strict implication,” #hich ls 


* Perhaps it wcaald pot really be [owleee; [ abel] Ciecuds the at 2 Later 
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the ceewent senge for oor present discowion. [i this it true, 
it follows thet any selection of the things in the wotld might 
be ateent, so far os self-contadiction is concemed. Given 
a Work) consisting of particulars x, 9,4, .-.. Dterttlaled m 
VAFLOS ways, the world which renilts from the obliteration of 
# must be logically possible. It ioliows that the world con- 
aisting oaly of what we perceive and recollect cannot be seli- 
contradictory; if, Gherefoce, we are to believe in the exisbemoe 
of things which we ocither perceive nor recollect, it must be 
either on the ground that we have other non-inlerential ways 
of knowing matters of fact, or oo the basis of ax argument 
which has pot the type of cogetcy that we should demand in 
Pore mathematics, in the sengze that the conclosion is ony 
Probable. Ag for the fragmentary cheracter of the perccived 
work, those who deny it have to introdece minute perceptions, 
Like Leibois, or wpconscions perceptions, or vague perceptions, 
cf sintthing of the kind. Now it seems to me Unnecessary 
to ingame whether there are perceptions of such kiteds; | 
certainly am not prepared te deny them dogmatically, But 
Ido ny Uthat, even if they cist, they ate useless a9 2 basis for 
physics Perceptions of which we are not sudicienthy conscious 
to express them in words ate tcicutifically negligible as data; 
Dur premissey must be facts which we have explicitly noted. 
Vagueness, no deubl, is omnipresent and unavoidable; bot 
it in only m@ proportion as we overnome it that cxmct science 
become: possible. And we overcome it most by anmbysia 
and cencenicatian, not by a diffused ecstatic mystical vision. 
T return now to the question: What grounds bave we for 
taferrag that our percepts aod what we recollect do not con 
stitute the entire universe I Believe that at bottom our 
main ground is the desire to believe i simple causal bows. 
But proximately there are other arguments. When we speak 
to people, they behave more o legs ae we eho if we beard 
buch words, not as we do when we speak them, Whe I may 
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that they behave in a similar manner, | mean that cur per- 
ceptions of their bodies change in the same soct of way a3 Our 
Perceptions af og own belles woold i comelative circum 
stances. Wien an cfieer who has tisen from the ranks wives 
the word of command, be sees hia men doing what be used to 
(0 When he beard the same snuiinds 2s a private: it is therefore 
natura] to suppose that they have heard the word of command. 
One may $¢2 a crowd of jackdany in a newhy-pkmghed ficid 
all #y away at the moment when one hears 2 shot; agam it is 
natural to suppose that the jackdaws heard the ebot, Again: 
reading 4 book ig a very different experience from camposing 
one; yet, UT were a solipsigt, I should have to suppose that I 
had ¢ompesed the works of Shakespeare and Newton and 
Einetem, since they Have entered into my experience. Seeing 
how touch better they are than ty oem books, and how much 
legs Labour they have cost me, I have been foolish to spend 
40 Mitch time compasing with the pen rather than with the 
eye. All this, however, would perhaps be the belter for bemg 
set forth farmaliy. 

Fost, there ig a peebminary labour of regulariciag our ovo 
percepts, IT spoke of seeing others do what we shoukd do in 
similar circumstances: but the similarity is obviows only a3 a 
result of interpretation. We cannot see oor face (except the 
nose, by #g0inting} of our head or our back: but tactually they 
ETE COntinweds With what ee cat sec, so that we easily imagine 
what a movenient of an invisible part of oor body ought to 
Jook Tike. Whee we att another person irownimg, We can 
imitate him; and I do not think the habit of secing ourselves 
im the glass ia indispensable for this. But probably this is 
explained by imitative impulses—t.¢. when wc ete & bewlily 
action, we tend to perform the sameé action, in virtue of a 
physinogical mechanism. This of course is most noticeable 
in children, Thus we first do what someone else has done, 
end thea realice that what we have done is what he did, How, 
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ever, thit complication need nat be pursued. What Tam con- 
cttned with it the passage, by experience, from" apparent “ 
shapes and motions ta “real shapes and motims. This 
process lies within the perceptual wocld: lt is a process of be- 
coming acquainted with conprumt groupes. to speak 
crudely, with groups of viswal seosations which omrrespond to 
mumilar (actoal sensations, AH this has te be done before the 
analogy between the acts of others and our own acts becomes 
obviews, But as it lies within the perceptual workd, we may 
take it for granted. The whole of it belongs to early infancy, 
As coon 34 1t is completed, there is 20 difficulty in interprating 
the analogy between what we perceive of others and what we 
Ptrecive of ourselves. 

The analogy is of two kinds. The simpler kind is whet 
otbers do practically the same thing as we afe doing—for 
iietance, applaud when the cortain poes down, or sy “Ch” 
when arocket bursts. In such cases, we have a sharp stimulos, 
followed by a very definite act, and oor perception of our own 
act i¢ closely similar to a number of other perceptions which 
we have at the same time. These, moreover, are all associated 
with perceptions very like these which we call perceptions of 
our crn bodies. We infer that al] the other people have bad 
Perceptions adalogons ta that of the stimolns to cur wh acl. 
The anghey is very good: the only question is: Why should 
not (he very same event which was the cause of our own act 
have been the cause of the acts of the others? | ‘Why abould 
we puppose that there had to be a separate ecemg of the fall 
of Hie cortain for each spectator, 2od not only ane secing which 
caused all the appecrance: of bodies ta appear to applaud ? 
it may be said that thig view igfar-fetched But [ doubt iit 
would be unreasonable but for the second kind of analogy, 
which ig meapable of a similar explanation. 

in the second kind of analogy, We see others acting a5 we 
shookd act in response to a certain kind of stimulns which, 
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hownver, we ar not sxperiencing at the moment. Suppose, 
for example, that ‘you are a rather short persog in 4 ctowd 
watching election retary being exhibited on a screen. Vou 
bear « baret of chearmg, but can gee nothing, Ey great 
efforts, you manage to perceive a very notable reyait which 
you coukd pot perceive a few moments earlier. Jt is natural 
to oppose that Uhe others chesrad because they saw this result. 
Tn this case, their perceptions, if they occurred, were certainly 
not rdenfical with yours, since they occured earlier; hence, 
if the stimulus to their cheering was 2 perception analegons 
to your sobsequent perception, they had perceptions which 
Fou COURT not perceive. [have chosen rather extrame ax- 
aropis, but the same koind of thing occurs constanth; sooor- 
ome saya There's Jones,” and you look round and ste Jones. 
Tt wonok! secm o€d to suppose that the words you heard were 
not cansed by = perception analogous to what you hed when 
you looked rood. Or your friend says " Listen," and after 
he has seid it you haar distant thunder, Such expericnces 
Fead inmsistibly to the conclusion that the percepts you call 
other people are ataaciated with percepts which you do not 
have, bat which are like chose you would have if yoo were in 
their place. The same principle is involved in the assompition 
that the words yor hear express " thoughts.” 

The argament in favour of the view that there are percepts, 
connected with other people, which are not among our own 
percep, is presuppedted in the acceptance of testimony, end 
eoties Arst in logics! order when we are toying to catmblich the 
existence of things other than our own percepts, both becange 
af itg inherent strength, and because of the usefulness of 
testimony in the further stages. The ateument for other 
people's percepts stems to conn semee 20 Ob lons mod com- 
pelling that it 1s dificolt to make oneself exaraine it with the 
necessary detachment, Nevertheless it is important to do 
ao. Ag we have seen, there are three stages. The fret does 
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aot take os onside cor cen petcepta, but consists merehy in 
the ariangement of them in groupe. Che protip coieishs of 
all the percepte which commoa pease believes to be those of 
an identical object by different senses aod from different 
points of saew. ‘When wer eliminate reference te an object, & 
eroap mast be comstitited by correlations, partly between 
one percept and aother (to0ch and sight when an object is 
held in the hand), partly bebween one percept and the changes 
in another (bedth: movement and changes of visual and tactual 
perceptions while we move). In assuming that these corre- 
Iations will hold in untested cases, we are of coutse waing 
indoction; otherwise, the whole process is straightforward. 
The process enables us to speak of a“ physical object" as 
group of percepts, and to explain what we mean by saying that 
a near objecl and a distant object are " really " of the same 
size and shape, Also we can explain what we mean by saying 
that a physical object does pot “ really " change os we walk 
away irom fi (i.e. a5 we have the percepts which make us say 
we att walking). This is the first ctage in the argument. 

To the scoomd stage, we oote the likeness of the physical 
objects called other people's bodies to each other and te our 
eo body; we abso note the Ghkeness of their behaviour to on 
Behaviour, In the case of oot wn brhavicar, we oun observe 
a number of onrelitions between stimulus and reaction (path 
being percepts). For example, we feel bunger or thirst, aod 
then we est or drink; we bear a loud ooimt, and we jump: 
we see Jones, and we say" Hulk, Jones." The behaviour of 
the percepts we call other people's bodies is similar to that 
of our own body in resperan to this ot that stimulus, some- 
times We experience the stimulus, and behave just as otbers 
do, which is the second rage: somietisnes we do not experience 
ise stimols, but suppose, from their behaviour, that other 
people have experienced it, which is the third singe. This in 
a particolarly plagsible supposition if we owrselves experiance 
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the stimajus in question very shortly after we have observed 
the behaviour which led ua te infer it. ‘The third stage is the 
more bmportant, since in the second we migh attribute the 
bebaviour of others te the stimutis which we perceive, and thas 
eacepe inferring miaperocived cxistants, whils in the third stage 
this altermmative is not open to os. Tt will be seem that, in 
the third stage, the argument 18 the wstial causabhoductive type 
of argument upon which all empirical laws are based, We 
ptccebve 4 and @ conjoined in 2 sumber of cases, amd we then 
infer d and # in acase in which we do not know by perception 
whether 4 J§ fresent of got. Moreover, ths argument for 
other propln’s perceptions is the same io form and copency aa 
the anmunient for the future truth of laws of correlation amoag 
oir oan percepts. ‘We have exacth as good reason for be 
Leving tha! others perceive what we do not as we have for 
believing that we shall have a perception of touch if we slretch 
Get or hand (0 an object which looky ag if it were within 
reach. 

The argument is not demonstrative, either in the ane case 
inthe other, 4 conjaror might make a waxwork man with 
A RTaMOpOoe inside, and arrange & series of Irttl: mishaps of 
which the gramophoor woold give the audicote warning. In 
dreams, people give evklence of being alive which is amilar 
my kimd to that which they give when we ate awake; yet lhe 
propk: we sce of dreams arc soppused to have no external 
existence. Descaries’ malicious demon is a logical possibility. 
For thew reasons, we may be mistaken im any given instance. 
But it seems highly improbable that we are elereys mistaken. 
From the observed correlation of .4 and 2 we may agus, as 
regards cases in which & is observed but we do not know 
whether A exits or not, either: (1} A is aiwaye present, or 
ia) A is generally prevent, or (3) 4 is sococtime: present. 
Tremama maftiecr te Show that we caonot assert (1). But dreams 
could be distinguished im waking Lie by m solipsist, unless 
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hits dreamy were gousually tational and coherent. We may 
therefore exclode them before beginning cur indoction. Even 
then, ft would be very mesh to expert (1), But (a) is more 
Probable, and (3) seema extremely probable. Nerw (3) in 
eoogh to alow ws to infer a proposition of great philosophic 
importance, namely: there art ecxistents which I do net 
perceive. Thig proposition, therefore, if induction is valid at 
all, may be taken at teasoably cettam. And, ifgo, it increases 
the probability of other propositions which infer the existence 
od this or that onperceived existent. The argument, though 
fot demonstrative, ig as good ay any of the fundamental 
inductions of science. 

We bave been considering hitherte, not the external world 
in general, bot the percepts of other people. We might say 
that we have been trying to prove that other people are alive, 
and not mere phantoms like the people in dreams. The exact 
thing we have been trying to prove is this: Given an observed 
tofrelation among cnr own percepts, in which the second teom 
is what one would naturally call a percept of our awn bodily 
behaviour, and given a percept of similar bthaview mn a 
physica) chject not opr own body bot similar to it, we infer 
that this behaviour was preceded by an event andogous te the 
sarleer term in the observed comelation among our percepts. 
This inference assumes nothing a6 to the distinction of miod 
Bonk teed oF ad (0 the palure of either, 

To virtue of the above atpuoment, I shal] now assume that 
we may enlarge cor own experience by testimony—iz. that 
the noises we hear wher it seems to us that other people are 
talking do in fact express something analogous to what we 
shiokd be expressing if we made gimilar noises. This is 0 
frattiewar cas of the principle contained im the preceding 
poregraph. I think the evidence for other propk’s percepts 
ia the strongest we have foc anything that we do net perceive 
carselves; therefore Tt pemma right to establish this, ey far 4 we 
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can, before proceeding to comsider cor evidence for * matter * 
—ic. fot existents satisfymg the equations of physics. This 
faut be or net task; but it will be well to begin with ogmmon- 
genset material “things *' conceived as the causes of per- 
ceptions. 

Having now admitted the percepta of other people, we can 
eteatly onlarge the group constituting one “ physical object,” 
Within the solipsistic world, we found means of collecting 
groups of perceple and calling the grenp one physical object; 
bot we tan now enrich our group enommoudy., A number of 
people sitting near each other can all draw what they see, and 
fan compare the 1esulting pictures: there will be similarities 
and differences. A cumber of stenographers listening to a 
hettute tan sll take notes of it, and compare resnlts. A 
number of people cao be brought successively inte a mbotn doll 
of hidden roses, and asked '’ What do pousmedl ft" Jo this way 
it appears that the werkd of cach person is partly private and 
parthy common. In the part which js common, there is found 
to be not identity, bot only 2 preater or Jess degree of similarity, 

. between the percepts of diferent people. Tt 15 the absence af 
identity which makes ws reject the naive realism of common 
senge; it is the similarity which makes ws agcept the theory of 
a commen origin for siuilar simulianeoos perceptians, 

The argotnent here is, I think, not #0 good 25 the argument 
for other people’s percepts. Io that cose, we wert inftrrmg 
something very similar to what we know in our own cxpcrience, 
whereas in this case we are jofering scancthing Which can never 
be expectenetd, and of whose natere we aun knoe oo more 
than the inference warrants. Nevertheless, the commemn-sense 
arguments for an external cause of perception are strong. 

To begin with, we can, withont assuming anything that 
no one perceives, cxtablish « conumnon space mod time m which 
weall live. (Chr discussion is necessarily confined te people 
on the sutiace of the earth, since other peoples, if they exist, 
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have not succteded in cammumicating with 09; consequent: 
the complications of relativity do not yet arise.) The ual 
methods of determining latitude and longitude can be applied, 
withont sasuming that the readings of clock and sextant have 
the phywical meaning ygually asaygmed to them. Altinades, 
abo, con bt measured by the wal methods, By these means, 
observers can be arranged in a three-dimensmmal order, Of 
coe the resulting apace will not be 4 continnum, since it 
will contain only 40 many “' points " as there are observers. 
But the motion of an observer tan be sensibly comtinucgs, Fo 
that we can comsitact “ideal” pom of view with defined 
mathematical properties, and thud build up, for mathemat- 
Kal purposes, 4 continuowsspace. We can thot arrive at the 
laws of perspective, taken in a generalized sense; that i9 to say, 
we can correlate the differences between correlated perceptions 
with differences in the situations of the percipients, Aod m 
the apace derived [rom *' pelots of view "we can place physical 
objects. For, let 4 and 2 be two obsctcvers, ¢ tod & thor 
correlated visual percepts, which, being correlated are described 
as percepts of one physical object, If the anpular dimensions 
of « are larger than thoge of 4, we ghaij say jag a definition) 
that 4 19 nearer to GO than #3 is. We can thus constrict 2 
number of routes camverging on 0. We shall congtmoct qu 
geometry so that they mtersect, and shall define their inter: 
section 45 the place where Ois. [fo happems to be a hromoan 
body, we shall find that the place of G, so defined, is identical 
with the place of (7) a5 an chyerver in the apace of pomts al 
wer? 

The correlation of the times of different percipients offers 
a0 difienity, since, a3 before observed, our percipients are ail 
on the earth. The wreal method of light-signals can be mm 
ployed. But bare we come upon one of the axgumcots for the 
causal theory of perception, as agaiost both common sens 
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and phenomenalism. (We toay define phenomenaliem, at 
least for the moment, as the view that there are only percepts.) 
Suppose a gunon a hilltop is fired every day at twelve o'clock: 
many people both see ard ear it fired, but the farther they are 
from it the longer is the interval between seeing and hearing, 
This makes it very dificult to accept a naively realistic view 
a3 te the hearing, since, if that wiew were correct, there Wook) 
have to be a owed interval of time (presumably zero] between 
the sight and the sound. Tt alen makes it natural to adopt 
caudal view of sound, since the retardation of the sound depomds 
upon the distance, not upon the tuomber of intermediate 
percipients. But hitherto oor space was purely “ Hleal ” 
except Where (here were pettipients; it seemé odd, Uherelore, 
that it should have an actual influence. Tt m= mach more 
natural te suppose that the srund travels over the intervening 
apace, in which case something miust be happening even in 
places where there iso ome with ears tobear, The argument 
is perhaps mot very strong, but we cannot deny that tt has 
some fore. 

Mach stronger atguments, however, are derhable from 
other sourttes. Suppote groom ananged with a man concealed 
belied 4 curtain, acd also a camera anda dictaplioot:. Sup- 
post two mat cane inte the room, codverst, dine, and smoke. 
Ti the record of the dictaphone and the camera agrees with, 
that of the man behind the curtain, it is impossible te resist 
the contusion that soructhing bappened where they were 
which bore an intimate relation ta what the hidden man per- 
ceived. For that matter, one might have two cameras and 
two dictaphomes, and compare their records. Soch corre= 
spondences, which are ook more extreme fonms of those with 
which primilivt corotitm sense is familiar, make lt imeon- 
ceivably complicated and unplausbk to suppose that nothing 
happens where there 1¢ no peccipieat. Tf the dictaphene and 
the hidten man give the same report of che conversation, ane 
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Mut suppess some chnssl ooontctin, simon otherwist the 
coincidence is in the highest degree improbable, Ent the 
causal connection ig foumd to depend wpm the position of the 
dictaphone at the times cf the converatim, not upon the 
person who hears its reoord. This seems very strange, if its 
record dees not exist until it te heard, as we shall have te 
suppose if we confine the world to peroepts. To will not 
emphasize the more obvious oddities of such a world, os, 
ag, the one once bronght forward by D+ G. E. Moore, that 5 
raiheay brain wouwd only have wheels when it ig not going, 
since, while it is going, the passengers cannot see them. 

Before accepting such arguments, however, we muat see 
what cpu] be said againgt them by a phenomenalist, Let us, 
therefore, proceed to state the case for phenomenalism, 

it may be suggested that cor argument is, aster all, not a 
arong as it looks, since aj] the facts can be interpreted by 
means Of ideal" percipients. The doubt I have in mind is 
qugeested by a certain kind of constroction, of which a good 
example ig the introduction af " ideal'" points, lines, and 
planes in descriptive geometry.” For car purposes, "ideal " 
Points will suffice. The process by which they are constrocted 
15 65 follows. Take all the straight lines which pass through 
8 Firen point; these form a proup of lines having other notable 
Properties besides that cf all possessing a common paint. 
These other properties belong also to certain gronps of lines 
which have no point in commoa—e.g- in Enciidean peometry, 
to the group consisting of all nes parallel toa piven line, We 
then define « grogp of Lincs potsessing these properties a8 an 
“ideal pomt.. Thus soo " ideal points correspond to 
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Teal points, while otheradonst. In thie way, by proceeding to 
** ideal" lines and planes, we arrive at last at a projective 
génmeby, in which any two planes have a comenon line, and 
any two limes m 2 plane & commen point, which immensely 
simplifies the slatetiecot of our propositions. 

The analogy with gue protien is perheps closer than might 
be thought. We have, it the first place, otal petecpts, col- 
lected into groups each of which is defined by the charae- 
teristic that common sense would call all its members percepts 
of one physical object, These rea] percepts, a5 We OW, uy 
from one percipient to another in snch a way 63 ta allpw us to 
construct a space of percipients, and te Jocate physical objects 
in this space. Let us, for the moment, adept the view that 
nothing exists except percepts, our own and other people’s. 
We shall then observe that the percepts forming a given group 
can alwayt be arranged about a centre in the space of per- 
cipients, and we caq fll out the group by interpolating 
" ideal" percepts, continous in quality with actual percepta, 
in regions winere there are oo actual! percipients. {A cegion of 
space which is “ideal” at ome moment may be actual sit 
another owing to motion of @ percipient. The soncessive 
pesitioms of an cbheerver watching Cicropati’'s Need from @ 
passing tram form a sensibly continupus series.) Ii @ nutnber 
of people bear 4 gon fred, there ate differences in the keudlness 
aad the tine of their percepts; we can Bl out the actual per- 
cepts by “ideal” noises varying contineousdly from one 
actual one te another. Tha same can be done with correlated 
visual percepts: algo with gamely, Wo will call a group thus 
extended by interpolation and extrapolation a" full” group: 
its metibers are partly mal, partly ideal. Each group has 
a centre in the space of perciplente; thiy centre ie meal 
occupled by a percipient, while otherwise it is idem (Gor 
apace in net aesumned to be a smooth geometrical space, and the 
contre may be a finite value.) As a rok, even when the 
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eedtre is occupied by a percipiont, it nevertheless contains no 
member of the proup, sot even an ideal member: “ the eve 
sete not liseli." A gronp, that is to say, is hollow: when we 
get sufficiently near to its contre it Ghases to have members. 
Thid ig a portly onpirical observation. 

A bali group which contains any real members will be cated 
a reel" §TORD: & gTOUp Whose members are at) ideal will be 
called “ideal! Tt remaing lo chow how we are to define an 
ideal groop. 

in addition to the Invs correlaling percepts forming one 
group—which may be called, in an extended sense, laws of 
porspective—there are also laws as to the manner in which 
Preteepis tukteecd ome another. These are causal feews in the 
Otdinany sense; they are inchided in the agga) laws of physics. 
When we know 4 certain nomber of members of a full group, 
We can infer the others by the laws of perspective: it is food 
Chet somté exist atid some do oot, but all that do exise ate 
Taembers of the calculated full group. In like manner, when 
We are piven a sufficient number of full groups. we can caicolate 
other fall groupe al other times. lt is found that some of the 
calculated foll groops are teal, some ifeal, but that all real 
groups are included among those calculated. {fam assuming 
an mmpostsible perfection of physics.) Two groups belonging 
te different times may, in virtue of causal relations which we 
shall explain when we cone to distuss substance, be connected 
in the way which makes ts fegatd theo as Wocessive states 
ofoone "thing "oor" body. [The dime of 2 full group, by 
the way, ja not exactly the time at which its members occur, 
but slightly eariier than the earliest real member—or much 
earlier, in the case ofa star. The time of a full group is the 
time at which physica places the occurrence supposed to be 
perceived.) The whole series of groupes belonging to @ given 
" thing “in called 4“ biography.” The causal laws are such 
ag to allow 0s sometiones tointer “ things,’ A thing ia real" 
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wher its biography coutalns at least one gronp which is 
“yeal," i.¢, comtaios at least ont percept; otherwise a thing 
is “ideal,” This cenatruction 4 closely analogous te that 
of“ ideal“ points, lines, and planes in descriptive geometry. 
We have to ask onrsebves whether there are any teasgns for or 
against it. 

The above oomsteuction presetves the whole of physics, at 
Jeast formally; and it gives an interpretation, in terms of 
percepts and their Jaws, to every proposition of physice which 
there ig any efpitical reason to believe. [deal '" percepts, 
groups, and things, in this theory, are really a shorthand for 
tating the laws of actual percepts, and all empirical evidence 
has to do with actual percepts, The above sccomt, there- 
fore, preserves the troth of physics with the bare minimem of 
hypothesis. Gf course thers should be also roles for deter- 
mining when a caleplated percept ig real and whem it is ideal; 
but this ja difficult, since such cules wonld have to contain a 
stience of bioman actions. It may bea known that you will sec 
certain things if yoo lock through a telescope, bot it i6 difficult 
to know whether you will look through it. This completion 
ef out stience as Uberefore ned possible at present; but that is 
no argument against the truth of our science £0 far as it goes. 
It ig obvious thal the method might be extended a0 as ta make 
ail perceptions except one’s own " ideal"; we should then have 
a@ completely solipsistic interpretation of physics. JT shall, 
however, ignore this extension, and consider only what fan 
af the theory in which all percepts are admitted. 

The metaphysic which we have been developing is co 
gantially Berkeley's: whatever is, is percerved. But on 
Teasan’ are somewhat different from his. We do not snggest 
that there ia any impossthdity abtat wopererived cxithents, 
bot only that no strong pround exists ior believing in them. 
Berkeley believed that the grounds against them were con 
clusive; we only gogrest that the grounds in their favour are 
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incepisive, Tam oot waserting this: I am proposing it 55 
a view to be considered. 

The great difiealty in the sbove theary of "Heal " cements 
ia that it 18 hard te see how anything merely imaginary can be 
esfential to the statement ofa cantal law. We have to explain 
the dictaphone which repeats the conversation, We will 
eippose that it was seco in place before and after the con- 
versition, but oot doring it. Consequently, on the view we 
are examining, it did not exist at all during the conversation, 
Consaliaws, stated without fictitious elements, will thus involve 
action af adistance in time amd space. Moreover, our percepts 
ate oot sufficient te determine the course of nature: we derive 
causal laws irom close cbtervation, and preserve them in other 
cases by inventing “‘ideal’' things, This would not be 
necessary if percepts sufficed for the causa) determination of 
fotore percepts, Thus the view we are examining i incom 
patible with physical determinisc, in fact (hoogh net in form, 
We coold myltiply difficulties of thie kind indefinitely. No 
one of them is conclusive, bet in the aggregate they suffice to 
acomant for the Jact that it is almost impossible te compel 
oneself te believe such » theary. Perhaps continuity {nat im 
& Btrict mathematical sense) is one of the strongest objections. 
We experience scosible continuity when we move our own 
body, and when we fixedly observe some object which doce 
moet explode. But if we repeatedly open and sivat oor eyes we 
experimct vienal discentinnity, whieh we find it impossible 
to attcibute to the physical objects which we alternately see 
and do nod see, the more s0-a5, to another spectator, they remain 
unchanged all the time. Causation at a distance in tome, 
thongh mot logically impoesible, is algo yepmgnant to our 
notions of the physicel workd. Therefore, alihoogh it is 
Jogically possible to interpret the physical world in terme of 
idea) elements, I copclode that thy interpretation is un- 
plansiile, and that it has 20 pogitive groonds in its favour. 
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Newerthelegs the above construction remains valid aml 
important, a5 a method of separating pereepinal and non- 
perceptaal clemenia of physics, and of Ghowing how much 
can be achieved by tha iormer ale, 45 such, I shall con- 
tine te utilise it im the sequel. The only thing rejected in the 
view that ‘ideal ' elements are unreal" 

The matter Wook), of coarse, bet otherwise in this last respect 
if we could accept the argument for idealism, whether of the 
Berkeleyan or the German variety. These atgzurents profesg 
to prove that what existe wart have a mental character, ard 
therefore compel us te interpret physics accordingly. [ reject 
sach a priori argumentation, whatever conclusion it may be 
designed to prove. There ip uo diffcolty in mterpreting 
physics tdealistically, bor there is alse, I shoold say, ne neces- 
aity for soch an intetptetathm. “ Matter,” 7 shall contend, 
is kncwn only as regards certain very abstract characteristics, 
which might quite well belong to a manitold of mental events, 
but might ales belong to a different manifold. In fact, the 
only maritokis known for pertain to poses: the roathematical 
Propertics of the physical work! are boilt up out of numbers, 
aml beloog to pore mathematics. Our reason for net regarding 
"taatter " as actualh! emg an acithmectical strocture derived 
Tron the Gnite integers is lhe connection of “ matter’ with 
perception, that is why our present discugsiog is necessary. 
Hot this connection, a9 I shall try to show, tells wy extremely 
littl aboot the character of the unperceived events in the 
physical world. Uolike ideadista and materialiste, I do not 
balieve that there is any other scarce of knowledge from which 
this meagre result can be sapplemented. Like other people, 
Tallow myself te speculate; but that i6 an exercise of imagina- 
tion, oot & process of demonstrative reasoning, 

I shall assume henceforth oot only that thers are percepts 
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which I do not perceive, commected with other people's bodies, 
but also that there are events causally connected with per- 
cepta, as to which we donot know whether they are perceived 
ex mot, I hall assume, e¢., thet if 1 am alone in a room and 
Tehot my eves, the objects in it which I no longer see (f-¢. the 
canes of my Visual] percepte) continue to exist, and de not 
suddenly become resurrected when I re-open my eyes. This 
must be taken in conjanction with what was aid earlier about 
Perspective in a generalized perge, and about the common space 
in which we locate the physical objects which, for common 
amnse, ate perceived by several people at once. We collect 
cotreketed perocpts into a group, and we suppose that there 
are other wtmbers of the group, comespending to places where 
there is no peripient—or, to speak more guardedly, where 
there i¢ nol known bo be a percipient. But we oo longer 
ashome, a9 when sr were constructing " leat" elements, that 
what ig at such places is what we shoght perceive if we went 
ta them. We think, ¢g., that light congists of waves of a 
certain kind, bot becomes transformed, on contact with the 
eye, inte a different physical process. Therefore what occurs 
Before the light ceaches an cyt is presumably difierent irom 
what cocure afterwards, and therelure different from a visual 
percept. Bot it is supposed to be causally continous with 
the visual percept; and it is largely for the sake of this causal 
continnity that a certain remterpretation of the physical world 
mem; desirable. 

Tn same ways, the language of causation is perhaps not the 
best doc expressmg what is intended. What is intended may 
be expressed as fnllows. Confiming oursehves, to begin with, 
to the percepts of various otwervers, we can fom groupe of 
percepts connected apprommately, though oot exactly, by 
Jaws Which may be called laws of perspective.” By means 
of thes: lawi, together wrth the changes in our other percepts 
which wre connected with the perception of bodily movement, 
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we can form the conception of a space in which percipients 
are situated, and we fimd that in this space all the percepts 
belonging to one group (ie. of the same physical object, boom 
the stanipeint of common sense) can be ordered about a 
centre, Which we take to be the place where the physical object 
in question is. (For us, this is a definition of the place of a 
Physical object.) The contre is got to be conccived as a point, 
bot 25 8 volume, which may be 5 smal] as an electron or as 
large a8 a star. The essential aseumption for whai is com- 
monly called the causal theory us, that the group of percepts 
cat be ejerped by the addition cf other events, ranged im 
The same space about the sume centre, and connected both 
with each other and with the group of percepts by laws which 
include the laws of perspective. The essential pomis am 
{z) the arrangement aboet a centre, (2) the continwity between 
perceplé and correlated events in other paris of the space 
derived from percepts and locemetion. The first is a matter 
ef observation; the second is a hypothesis designed to secure 
sitiplidcity and continuity in the laws of correlation suggested 
by the grouping of percepts. TL cannot be demonstrated, 
but ite merits ate of the same kind as those of any other 
scientific theory, and [ shail therefore henceforth assume it. 


CHAPTER XX1 
PERCEPTION AND OBJECTIVITY 


WHES 2 ourober of people are, from the standpoint of commen 
senst, observing the same abject, there are both bkenesseg 
and differeiocs among their percepts, For common senge, 
with its naive realism, the differences constitute a difficulty, 
gimce they render the percepts mutually inconsistent if taken 
to be each wholly a revelation of (me and the same physical 
object. But to the causal theory of perception this difficplly 
is om-emistent. We have oow, however, an oppovite dif- 
calty—namely, that of deciding what elements in a percept 
ean be weed for inference as te the oxisbence of somethiog other 
than itself, and a5 te the nature of the mjerences when they 
can be drawa, For the moment, I am not thinking of mfer- 
enoest invalving mation, buat only of inferences 23 10 the present 
stute of the physical object which is being observed. 

We must be on our guard against e confuse which ip 
difieult to avoid in euch inquiries. Perception, s9 an event 
in cu own history, is a recognizable occurrence; it paycho- 
owicz! taeaning is fairly defintte. Boi it has aiso an cpiste- 
ological meaning, and this is hardly capable of being made 
as definite as could be wished. Perception ig interesting to ws, 
Th OU pretchit discussion, because il is a source of knowledge, 
net because it is am occurrence which a peychologist can 
renogmiie. So long a5 naive realigm remained tenable, per- 
replicon was knowledge of a physical object, obtained through 
the senses, Dot by infersiee. But in accepting the causal 
theory of perception we have committed ourselves to the view 
that perceplion gives no inmmediate knowledge of a physical 


object, bat at best a datum for inference. A perception docs, 
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however, atill give koowledge of eococthing: if I perceive a 
Toutd red patch, I know that there is a roond red patch in tha 
world now, and nc account of the causes of my perception 
can destroy this knowledge. It may be conceded that, in 
gaying this, I am using “ perception “ more parrowly than it 
might Be used in poycholegy: I am confmiog it to cages where 
we notice explicitly what we ar pefcciving. For epistemp- 
logical purpeses, this restriction isessential. I am dehberately 
Telraining from all analysis of |" knowing,” since that would 
Take us boo far fies mir subject. 

The irderences to be primarily drawn from a perteption ae 
as 20 other ocmbers of the group to which the percept con- 
camed belongs. This is done, in a confused way, by common 
genge, when it infers the “ real” size or shape of an object irom 
its“ apparent '' size or shape, i.e. from the real gige or shape 
of the percept. The “real” size or shape is a nom, from 
which the percept of a apectater in a given celative situation 
can be inferred. Ondinatily, them dé oo conscious inference 
involved ; bat comscions inference tan be aed without invoking 
any fresh knowledges, For exampk, an architest can show 
the view of a proposed house from apy angle when be boos 
its measutements, and for this purpose be uset only syetema- 
tized, cooien sense; and he can infer the measureniciis 
approximately when he hag viewed an actnal howe from 
several angles. The “real” object, a5 opposed to tty * ap 
praranets,” is thus something of the natere of a Jormpl by 
means of which all sufficiently near ‘* appearance: “ can be 
determined. Given the measurements of a bouse, we cai 
infer its apparent shape at a given distance ina gived direction. 
TE perception were perfectly accurate and regular, a few per- 
cepts belonging to a given group would enable of to determine 
alt percepts, actual and possihie, belangimg to that groap. 

This is found to be not in fact thecase. From scting 2 dip 
od water with the naked eye, we cannot know that onder the 
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microscope it will be found to be full of bacilli. When we 
mex a mag 2 huodred yards away, we cannot tell whether be 
is heodsome of plam. When we can only just distinguish a 
person's voice, we cannot tell whai is being said. These ate 
allcases of “ vagueness,” in a certain perfectly precise sense. 
In any group of percepts, those nearer the centre have a many- 
ct ctlation te those farther off—i.c. two things which lock 
alike from a distance look different when seen clove wo. In 
this sense, the more distant percepts are viagruet than the 
nearer ones: the former can be inferred from the latter, but oot 
the latter from the former, 

There is, however, 3 converse fact—namehy, that what may 
be called the “ cepular " law for inferring distant from near 
appratantes toay be interfered with by intervening Uhings. 
The sun may be visible ftom a great altitude when clonds 
make it invisible from the earth's surface. Sounds may be 
stopped by obtiacks, and dic away completely at a puficient 
distance from (heir source, Smells die away still more 
qauekly, and are even more dependent upon thea wind. This 
get facts interferes with the inference from mear ie distact 
appearances, just as the fortict ct interfered with the inference 
from distant lo tear appearances, 

There is, however, an important difference between the two 
seta of facts, § The increasing vagueness of distant appearances 
i an intrinsic law of groups of percepts, whereas the uncer- 
tainty as te distant appearance) when near appearances am 
given depends always upon outside interference. This dis- 
tinctija is of a king which we shall fod to be very important 
in various ways, Let ws try to state it clearly in the case in 
question. 

Suppose two persons tc be both observing a given object 
which is stationary on the carth’s surface, and supposa that 
ftt of the perscs tenaines at rest while the other moves aboot, 
We will mcppose that io the perago who remaing at rest there 
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isto perceptible change in the object throoghont the time con- 
cemed. To the other person there will be changes which, in 
feneral, are approximately according to the laws of perspective, 
especially for small changes in the otgerver's position. But 
somstiones, to take the moet obvious ceample, the object ia 
question becomes invisible when the observer takes up certain 
Positions—these, tamely, from which some opaque object is 
between the observer and the object which he had been seeing. 
45 a mile, this happens gradually: at first both objects are 
visible, gradually their angolar distance becomes less, and at 
last only tha nearer object remaing visible, The nearer object 
bas thes had an effect upon the appearance of Whe farther 
object. Fog, smoke, glass, bloc spectacies, etc., similarly 
Mrodiiy the appearances of distant objects. That is to say, 
in calewlating the appearance which a body will present in 
such and such a place, we have to take account, not only of 
the body's appearances elsewhere, bot alsa of the bodies be- 
Peeen it and the place in question. Thege intervening bedics 
are sometimes sensible, sometimes not; when they are oot, 
they ace inferred as being fecessary in order to preserve the 
laws which have been found to lead when they were sensible, 
The principle is the following: [J we compare neighbowing 
Tmembers of a group uf percepls, we find, in a great many 
tases, that their first-order differences are in accordance with 
the laws of pecepective, while their second-order differences 
are functions of groups with other centres: or rather, ince 
the above statement is too precise for the facts, we may say 
simply that the differences between neighbouting positions are 
compounded of the ows of perspective kogether with fanet lane 
a? groups with other centers, Soppose, eg, that you are 
aeciig af object through glass which i9 alightly distorting. 
The glass ig a tactnal preop Between you and the object; 23 
you move, the distortions dos to the glass change, and have 
to be compounded with the laws of perspectivs in order to 


72 PERCEPTION AND OBJECTIVITY 


calcalate one member ofa group fom another. In other cases, 
by carefully comparing a comber of members of a group, we 
can discover that thelr departure from perepective laws pre 
ceeds according to a law which is a fenction of a position not 
perceptibly occupied, The previous illustration will apply to 
this case also, if we have net touched the distorting glass. 
Human beings are superior to birds and insects in the fact 
that they can infer glass in such casey, withent any scientific 
tpparatus, whereas birds and jpsects repeatedly Dump into it, 

Like tench of what hes to be said in the truosition from 
fierception to science, the above statement is not capable of 
being made in an exact form. The methods by which we 
collect a number of percepts into one grup are Mough and 
realy, and become: impossible if there is very great distortion 
by the intervening medium. But cvese methods are successful 
in & S0ficicol nomber of oases té give rise te the notion of 
events grouped about a centre, changing partly in accordance 
with the lows of perspective and partly in ways which are 
Fanctions of groups with other centres, Having arrived at this 
notion, it ia not very difficalt to neodify it in soch a way that 
it shalt become capable of scientific precision. 

Toome now to the question of “ objectivity" in a pecerption. 
This is a matter of degree: the more correct are the inferences 
we can draw from &@ percept as to other evenis fwhethber per- 
cepts or net) belonging to the same group, the more “ objec- 
thre" is the perception. [I propose this az & definition.) A 
percept may pot belong bo & group al all; in that case it has 
no objectivity. Hallacination: and dreams come under this 
bead. Of we my be mistaken a¢ to the position of the centre 
of the group; this is the case With a mimge, or With a tefection 
Dot recognized as euch. Oh we may perceive 6 colour of shape 
which ts erratic, say cwrmg to intervening soko, and this 
miskeads os as to the colour of shape which others will act, I 
shoold not regard a perception aa fedling in objectivity through 
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mers vagnencss, Vagueness diminishes the number of in- 
ferences that we can draw, but not their correctness. From 
a distance we perceive cocrect]y that what is approachmg is 
a tan; when be gets near we perceive that he is Jones. Bot 
OUr previous Bére|eptian did not fail in abjectivity through 
Failing to show that it was Jones. It would bave failed of 
objectiviby if, owing to inkervening lenges, it had shown us 
aman standing on his head. 

When two people siroultancously have percepts which they 
regard a9 belonging to one group, if the inferences of the one 
differ from those of the other, one of them at least must be 
drawing false inferences, and most therefore have an element 
of subjectivity in his perception, Ft is only where the in- 
ferences of the twe observers agret that both perceptions may 
be objective. it will be seen that, according to this view, the 
objectivity af a perception does not depend only upon what 
it is in dtself. but also apen the experience of the peccipient. 
A man accostomed to being short-sighted can judge objects 
Tiuch more comectly than a man whose vision spddenhy ar- 
quires the game defect, Fatigue a3 well as alcohol may make 
wg gee double, but fatigoe will not deceive te when it does so. 

Subjectivity in perceptions may be traced te three somrees, 
physical, phyviological, and peychological: or, better perhaps, 
Puywical, sensory, and cerebral, iin ell casas in which a per- 
cept is really a member of a group constituting @ physical 
object, any element of subjectiviry that it may possess is due 
to the distortions connected with intervening physical object: 
—Uhat, at least, is tha theory which has Been found success, 
When these objects are betersen the body of the perciplent 
and the amine of the group to which the percept beloogs, the 
subjectivity is physical; when they arm in the body of the 
Percipient but not io bis brain, they are sensory ; wheo they ere 
in bia beam, they are cerebral. The bast of these, however, is 
usually purely hypothetical; the discoverable causes of the 
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subjectivity which we are calling cerebrelar: a5 a rule paycho- 
logical 

Physical subjectivity exists equally in a photograph or 
FTamophene tecomd; it is present already in the events, 
extemal te the percipient's body, which belong to the group 
in qoecstion and art very near te the sense-organ concemed in 
the perception. The stick that looks boot when it is half in 
water lean obvlods exarople of physical subjettivity. So are 
many ¢fects of reflenion, refraction, ete. The theoty of 
Telakivity has brought to light 2 new kind of physical sub- 
jectivity, dependent upen felative motion. The prevention 
Of mistaken inferences owing lo physical subjectivity is part 
of the business of physics, and dpes not invelve physiology or 
pay chology. 

Physiologica! for sensory) sobjectivity arises through defects 
ol the seng¢-0Tgans or aflerent nerves; it may also be produced 
by drugs. We can discover such defects by the comparison 
of different people's perceptions in a given sitation, Tt 
should be observed that the intringic quality of a percept is 
Unimportant in this reepect: if cme perso sees red wher 
another sees green, and preen where another gers rea, the fact 
Wil] be uodiscoverable and harmless. Bot if, where coe pereen 
gees wo toloues, red and green, another only sees one, we 
have a discoverable difference, which is correctly described 
aga defect in the vision of the pereon Who only sees one, = Tt 
ig always astumed that if two stimuli produce noticeably 
different cifects in A gbren perciplent at 4 given time, Lhere 
Toust be differences tn the etizoul correlated with the diflerences 
in thei effecta; while if the effects are not noticeably 
different, there may nevertheless be differences in the etitnull, 
Consequently A's senses are belter than O's if A perceives 
differences when 5 does not, For the same reason, the 
microscope and fhe telescope are better than the oaked eye. 
But chis has, a8 amok, move to do with vagueness than with 
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aabjectivity. Subjectivity only eaters in when we are led 
to make fale inferences, oot when we are merely moable to 
make inferences which another can make, A mere deficiency, 
such as blindness or deafness, does not amount to mbjectivity, 
bot seeing double does if it deceives os. Tt deceives of when it 
Jeads to false inlerentes-<c.¢. that there are tyro tactual 
pbjects, of that a person oear us will see two objects. 

Cerebral for poychological) sabjectivity arises ag 2 reqlt 
ot past experience, An obvious exampk is a sengation which 
appears to be im a leg which bes been amputated. We am 
Table to this end of eros wheoever teu things weually as- 
sociated are for sont trast dissociated, Cettain sensations 
have, io the past, been generally astociated with a stimulus 
in the leg: but they have had as intermediaries conditions of 
the nerves between the leg and the brain, 1f these previously 
intermediate conditions arise in a person who has Most his leg, 
he will interpret them a5 sen3atigns in his leg, if he has momen - 
tarily forgotten that he hag lost his leg—e.p. on waking from 
sheep. In all perception {except perhaps during tha first woeks 
of life} there is a large clement of interpretation dur to past 
caporicice, aod this element is sobjective wheo the present 
Situstivg docs gut cootaiog the conmlations whose past occor- 
Tenct has cased the mterpretation. 

AU thea goutees of erroc bave to be guarded against if 
perception isnet te mislead us, The ways of goarding agmingt 
them are those suggested by common sense amd perfected by 
sciemos: Ehey are al! soch aa to substitute laws with few of oo 
exceptions foc laws with a comparatively latge number of 
exceptions. 

Te will be seen that very Hitde can be mierred with con- 
fidence from o single percept; we need cbservation from 
different points of view, and thronghont = cartain period 
cof time. ttis troe that we shall wswally be cight in what we 
infer from a single percept, but that is because the objects 
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that surround 95 mostly belong ta familar knds—-men, 
horses, Trotor-cars, ¢tc. Bot it would not be diffienlt to con- 
atooct attoations whith would deceive at the first glance, 
eepecially if we could be seddendy transported into a quite 
yotamilier world, Hike Wells's Martians. ‘Water, ior exampk, 
would completely prutclé a person who bad never pen a 
Liquid, if soch a person coukd exist. In this metter, as else. 
where, we proceed step by step trom the easy bot prenariong 
inferences of commen sense to the dificult but more reliabk 
inferences of science 

Where the mtervening tedium is relevant in inferring 
other members of a group from a percept, it is obvions that 
the single percept in theoretically inadegquale at a basis for 
inference, since, by a change in the medigm, the sume percept 
might be associated with a different group. In this case, the 
distorting alement in the medium may be cirectly discovered 
by other percepts—ey. plass may be touched—or it may be 
merely inferred by examining the way in which percepts be- 
longlig te oe group Change from place to Dlacc—+.g. refraction 
in air. Whee it has been inferred, the inferemce needs to be 
tested by examining whether it has farther comsequences which 
can be verified. Alt dhig is a commonplace, 

Tt remaing to say something about the inference from per- 
cepts to events which po one perceives. It is not ite validity 
that [ wish to examine now, but its acops—is, how much we 
can inew about qoperceived events, apmuming the causal 
theory of perception. [Tt de sonaectionss anged that an onper- 
ceived case of a perception must be a mers Ding-ae-nck or 
Epencerian Uninowabke:. This stems to me only very 
partially troe, if we accept the usual canons of scientific 
inference, We anrome that differences in percepts inply 
differences in gtoph—ia. if » person bears two sonnds at 
once, or nees two colors at once, two physically diferent 
wipali Reve reached hie car op his eye. This principh, 


PERCEPTION AMD OBJECTIVITY 337 


together with spatio-temporal continoity, suffices to give 
great deal of knowledge 29 to the structures of stimuli. Their 
inbringic characters, if ig trae, most remem inknowa; but we 
Tay axe: that the stimuli caosing ws to bear notes of 
diffrent pitches form a series in réspéect of sonme¢ character 
whieh corresponds causally with pitch, and we nay make 
sitother astomptions in nya te colour oc any other character 
of sensations which it capable of gttial arrangement. And we 
cam wither dificalty extend geometry to the world cutside 
our perceptions, although the space of that world will only 
correspond to the space of perception ip rertam respects, and 
will bs by mo means identical with the space of Pereeption, 
What we assumes is, formally, something [ike thin: there is 
a Tegily ont-wtke ration betwee stimu and percept—is, 
betercan the é¢yrote just odteide the s¢te-organ and the event 
which we calla perception. This enables us to infer certain 
mathematical properties of the stimulus when we loner the 
percept, and conversely enables us to infer the percept when 
we know thesr mathematical properties of the shmulns, 
Consequently, exempt when we are stucymge physiocingy or 
peychalogy, we may suppose that what is happering in a plare 
Ts what & Person woukd percelye fo thal place, provided we 
ust, in inference, ony thoge properties of the percept which 
it shares with the stimalas. E.¢. we musi oot use the bhue- 
nes of blue, bot we may ase its difference from red or yellow. 
We cannot ane that becaue a pictire looker beautiful, 
therefore thore is beauty in the syatem of stimuli, because 
beauty may tlepend upon the actral qualities.* Bat nothing 
fo pheysleal science ever depends upon the actoel qualities. 
Heaoce fer practical purposes in physics the difference between 
percept and stimulus only compels us to confine oureelves ta 
the atructeral properties of parcepia; ep kmg as we do this, 
” if we accepted tha theory thit beeoty dependsanty een. " 


capt form," we dod haved bo ey tbe a mickical score ba 
me the oes which ft Pepto, 
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we need nardly trouble to remember that percept and atimulos 
are difieent. Tn pirysiology and peythology this dock not 
hreokd, since we are concerned with the proces intervening 
between ptimobos and perception, or with perception itself. 

Even in physicy, it dows mot hold strictly, because the 
Tebation of stimohs and perception is mot stricthy one-one, Jt 
is ordy appeozimately so, even when we confine cursehves to 
stimuli ic a given sense of @ given person at a given tinie— 
ag. Do colours which [ perceive side by aide. Even here, 
Fegoeness comes in, 60 that slighth different stimcli may give 
indistinguishable perceptions. That constitutes an essential 
limitstkn to onr knowledge, enshrined in the notion of 
“ probable error.” it can, however, be redoced to a minimum 
by the weed methods and coastitntes, therefore, rather a 
practical diffcolty than a theoretical problem. 


CHAPTER *XXIT 
THE BELIGF IN GENERAL LAWS 


Tanoucmovt oar discossion of perception and the physical 
object, we have assumed the validity of general laws. This is 
abways assumed in scientific practice, but the reasons for ae 
suming it aré not very clear. Although the subject is not 
one o@ Which it is taay to say anything definite, yet it seems 
Dessay to examine it. 

Like other stientiik: postulates, the beliaf in genera] laws 
is rooted in the properties of nervous tissue—the same pre- 
perties which make us believe in indoction and enabk ws to 
earn (rom experience. This origin, of course, affords no 
warrant for the trath of the balie?, but equally gives ne reason 
against it. Dndted, so far as it goes, lt affords a alight pre- 
sumption in favour of the view that a great many events are 
in accordance with general iaws, since it shows that animals 
which act in a way which ths troth of this belief would render 
rational can survive. T shoold oot wsh, however, to lay 
stresa Upon s0ch an aremment. 

Wheo we Great begin to think, we find ourselves acting in 
cortait ways which seem to succeed, and wa seat to work to 
ratignalige our behavior. The naturel way to do this is to 
say: Things abrays happen that way. This 30 offen sicceeds 
that we acquire the habit of always supposing that there is sone 
general lew according te which any particular event has 
mocurred., This belief hag two practical comsequences. First, 
when 2 set of events are a0 in accordance with some law, we 
expect other similar events to be in accordance with it. 
Secondly, when a set af events appears ictegular, we iovent 
hypotheses to ragolarize it. Both procedores are important. 
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The firt of these procedures ig simply induction. As stich, 
it is faondamental, in some form or other, and ! propose to say 
TO moh abet it. 

The second ia moce interesting for our purposes. “Whan an 
Mmdtuctiog fails in a surprising way-—a9. when there is an 
tdlipee-there are bro things which a primitive man may do. 
He may fagard the failure 29 4" portent,” in no way invalilat- 
jng the genrral validity of tha indnetion, but showing that there 
is something strange, and probabhy terrifying, in the special 
cireunsbances ootietted with the astonishing event. Or he 
may Jook for some general law different from that which has 
hitherto proved adequate, in the hope that the new Jaw may 
acoomnt for thea exceptional oceyrrence ay well, The latter 
course will seldom be adopted until a high degree of intellectoal 
colbore hay been attained. If the odd event ison a large scale, 
it will be considered superstitiqusly, and ifnot, it will be simply 
igoared. Sometimes, however, a genera] law ia found by 
accident, a4 4 react of the careful records inspired by super- 
stition. This evidently happened with the Egyptian priest- 
hood, who leant to predict eclipses, and nrobably only then 
ceased to regard them with awe. Gradually, the view that 
there must be seme law according to which strange things 
happened became more widespread. Dy Whitehead, in his 
Semee ond the Modern World® traces the belief in natu! laws 
to variong somrees, soch ag: Fate im tiretk tragedy, the 
wupremacy of Ftoman law, and the rationality of God in 
medieval thedogy. In effect, however, he regards the belief 
as having only acquired a firm bold of the scientific mind at 
the renaissance, Everything that he says on this subject is 
ao excellent that it is monecessary te cover the ground again. 

Although the belief in the universality of natoral law was, 
at the tre of (he renaissance, a Dold faith golog far in advance 
of the evidence, it bss since been eo successfol that it is now 

* Chap. L, expecially p. 5 ff. 
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pomible to defend it on inductive grommds. But there in seme 
dificnlty in deciding what we art to meat by it. T have dealt 
with this subject before,* and shall now consider it oniy 
briefly, 

The regularities which we first observe, and in which we 
fret baheve, are of the simple form: “ A is aiays accom 
panied (oc preceded or succeeded) by 2." But all auch 
regilaritics arc capable of having exceptions, ad scietce MH: 
Sttke beets of a diferent kind. We arrive in the ond (possibly 
not at the very emd} at differential equations, I think that 
these are of two kinds, those expressing petsisteace, and those 
expressing accelerations (in a peieralized senee}. The former 
are comcealed, more or lass, by the astamption af permanent 
substance; bgt this isa topic which | shall consider in the next 
chapter. The latter are the ordinary differential cquations 
o£ the second order Which «¢cur thronghoot mathematical 
physics, But io edditiun to these, in order to produce ob- 
frved mactotcepic results, there orast be statisticnl laws 
AAVELINE quantum changes and midio-active disruptions of 
atoms. I want to inqoire whether wa are saying anything 
significant m assuming that there are laws goverming the 
course of the physical world, oc whether eny set of perocpts 
must bo amenable to lew by 5 sofficienth liberal tt of 
by pothesis. 

Te is by m0 means clear thal the accepted laws of physics 
foake certain imaginable series of percepts impossible; still 
less that the mere existence of Inwsa would have this effect, 
Take, «¢., continuity. Changes which appear sudden (4g. ex- 
Plosions} can be resolted inte a umber of contiomoos though 
rapid changes: per confra, situations in which there appears to 
be no change (¢.2. a steadily pkewiog gas) are resolved inte a 
momber al discontinuons changes, Thus we can aoeither 
infer the absence of physical continuity from the absence of 

* Cf. 7 On khe Mothon cf Cota,” Ls Afpeicicat and Lagi, 
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continwty in percepis, nor the presence of physical enetindity 
frown the presence of contimaity in percepts. Again: if percepts 
chates in unexpected ways, we infer vopercejved matter; and 
by 2 sufficient amount of umperceived matter almost any series 
of percepts comid be explained. Of coors 4 particular jaw is 
strengthened whom it enables uy to predict percepts, but this 
belongs to the angaments in favour of sech-and-soch laws, pot 
to the arguments in favour of leews in general. We can have 
evidence in favour cf such-and-such 2 law without having 
¢vitkenca for laws in general, But here we must make some 
distinctions, Evidenre in favour cl a particular law is 
evidence that a certain class of phenooeng are pubject ta a 
rele which we have gocceeded in discovering, If sc, they are 
sure to be also subject to other mules senaibly indistinguishable 
from the oe for which we have evidence: bot these will in 
general be mors complicated than the rule which we adopl. 
Complication may be of two kinds: it may be in the formula, 
or in the amount of hypothetical matter fteded to ouake the 
cus work, The great mezit of Newtonian gravitate: was 
hat it was simple in both respecte, Eot clearly any set of 
observations on planetary mationé cook] have been fitted inte 
the Newtonian formula by postclating a smfficient number cf 
invisibis bodies or @ guificient complication in the law of 
attraction. For any given set of observations, there would 
have been many soch possible methods of bringing harmony 
tetween cheervation aod theory; most of these would net 
have Been compatible with a fresh set of obserrations, but 
aotae of them would have been, given puliclent toathematical 
ingeniity. What is remarkable, therefore, iq mot the reign 
of Lavy, but the reign of simp: laws, JE the transfer of energy 
Rete sobject to jaws a3 complicated as those governing the 
brapster of English land, we shonk? osver succeed in dis 
covEring them: thee would abrays remain a number of 
pomible codes, al] of which would 4t aj] low relevant facts. 
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The principle of induction, as practically amphoyed, ia the 
principle that the sinAivst law which ts the known facts will 
also fit the facts to be discovered herestter. This principk, 
in ef ite naked simplicity, has come to the fore in Einsteln's 
theory of gravitation, Which consists in taking the simplest 
available tensor equation m preference to the others that are 
Mathematically popsible. 

It may be said that the principle of simple laws bs purely 
benrtstic, and of conrge this is true to 4 cottidtrable extent. 
No sensible mathematician would test 5 complicated format 
before testing 2 somple me. But the remarkable thing 3 
that the simple formula so offen forms ont right. From the 
trend of physics, it seems a3 Lhough complication were geo- 
graphical rather than legal. Organic compounds beve an 
imamenstly complicated structure, but there ig oo reason to 
suppest that their fundamental Jaws are other than those 
which govern the hydrogen atom. Professor J. B, Haldane, 
it is true, thinks otherwise, and 90 do all varieties of vitaligts 
Kot, to a jayman, their arguments seem inconclasive, and 
they ars rejected by many competent aothoritics. It is there- 
fore at least a tenable hypothesis that all matter is governnd 
by very simiple Jaws. This is so remarkable that it almost 
SJ0gRests sonre relation to Mr Keynes's “ principle of Umitation 
of variety,” and seems to conion his bint that Nature oy 
ba really like the orm containing white and black balis which 
plays soch a prominent part in the theary of probability. 
Soot Mendelians would make 05 think of human beings in this 
way. Soppese thare were a hondred pairs of characte, 
ea, Oc’, etc. such that every boman being possessed 
by inheritance one but aot both of the characters m0 each pair. 
This woukd make the oumber of differing humax coubryos 2" 
—ta about io", Tf this is thought too few, we can take more 
pairs of characters. Views of thia sort cannot be rejected out 
of hand, aod they are strongh suggested by the success of 
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injoction and the prevakeoce of simple hrs. Let og, therefore, 
a3E once more: What evidence is there that simple Laws pre- 
vai], and how moch reason have wh to be anrprised by the 
degres of their prevalence ? 

As 0 have pointed oot on a former nocagion, it wonld be 
fallacions to argue inductrvely from the simplicity of the laws 
we have discovered to the probable simplicity of aodiscovered 
Tews. For, if some laws are simple and some complicated, 
we are likely bo discover the simpk laws frat. We have to 
proceed mare cautionsly. First, is it sorprising thal there are 
diy tumple jaw; ? Secondly, have we any ground for believing, 
a4 Was soggested jost oon. that a phenomena are governed 
by simple Jaws ? 

Simplicity is beet established at che beo opposite extremes 
of site: astromomy and the atom, The latter, howerer, is 
much more dignificant for our inquiry, smce the simplicity of 
a4tronomy may tesult from averaging. AS Wwe eawin Part T., 
the theory of the alom amounts, broadly, to this: An atom 
is composed of electrons and protons, the latter being all in 
the nuciews, the former partly in the wuckus (except in hyde 
gen), partly planetary. The gomber of protops in the nocleos 
gives the atomic weight; the excess of the number of protons 
over that of electro in the wockeus gives the atomic momber, 
Whee the atom is unelectoifed, the gumbétr of planetary 
aechooy is equal to the atomic number. [Ef the quactum 
theory is correct, an atom bas a certam gumber of characters, 
cach measured by integers called qoantom nombera, which are 
always amall Tt has also a property called energy, which is 
& famection of the quantum sunbers; and m conneclion wilh 
each of the quantum numbers therm isa periodic protass which 
ig mubject to qoantum rules. Each quaninm number is 
capable of changing swideoly from one integer te wnother. 
When the atom is left to itpelf, thease changes will only be such 
aa to diminish the energy, but when it is receiving energy from 
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elsewhere the changes may inctease the energy. AD this, 
however, in more ot et bypothetical, What we realy bow 
about is the interchange of exetey between the atom and the 
sorronnding apace: here there are simple Laws as te the form 
the radiant energy wil] take. But there are ai present a9 
laws determining wien quantum changes will take place in 
the atom, though the changes that are posaibls are a definite 
known set, 

As we are ondy considering how far simple laws fen aceount 
for the phenomena, we may accept rhe view of the atom as 
&@ miniators solar system, governed, except as toa quanto 
changes, by attractions and repebions among its electrons. 
Nevertheless 1E remains a fact that the atem only indicates its 
presence when it suffers a quantem change, and that we know 
of no laws detetmnining why, 2t 2 given moment, soch a change 
takes place in some stoma rather than in athers. The laws 
gwoverming the intensity of thn light emitted by a gas are 
statistical laws. This engpeste a world in which the nomber 
of possibilities is fmite, but tha choice among possibilities i+ 
left purely to chance. We might suppose, a5 Poincard once 
sagmested, and as Pythagoras apparently believed, that space 
and time are granokr, not continnows—iu. the distance be- 
tweeo feo eecltons may be always an integral multiple of 
some onit, and so may the thine between two events in the 
history of one electron, ‘This, together with the fact that the 
Ditmber of alectrons is finite, would give a fmite oomber of 
potible altuations for each clectron, And it may be that the 
choice among pocsible sitaations is wholly 2 matter of chance, 
Tm that case, the apparent regularity of the world will be due 
to the absence of laws. I think it improbable that such a 
wiew could be developed aatistacterily, Fut at kart we must 
take wccoant of it before we attach andue importance to the 
appeerencée of kow jo the work’. 

The real objection to a philosophy founded gpon soch 2 
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Theory of the universe a4 we have been considering is that, ter 
all, we still need statistical laws, which will involve a "random 
durtribotion,” oc something of the kind. Such laws are still 
laws, though they differ froin others by sceming ¢ priori 
probable instead of improbable. To this extent, it ia « gain 
if we can base science upon them: but it would not be correct 
to gay that, in thet case, science woukl have succeeded m 
doing without laws, We covld no lenger any, howaver, that 
the lawa of science were surprising; on the contrary, we shouki 
be surprised by their fathire, 

There is another question to be considerad, and that is a 
to the scope of simple Jaws. ]t cannot be pretended that we 
Aso the laws governing the bydregen atom to be sufficient 
to wccount for all that happens to matter, especially to organic 
matter. This is at present toerely a hypothesis, Ail science 
Bees jaws base) upon observation, which may or may not be 
deducibls by a celestial mathematician from the laws governing 
electrons, but are not likely ever to be deducible by mathema- 
ticians om this planet. And when we come to guch matters as 
Physiohgy, the laws are no longer such as te enable ws to 
say, With any confidence, just what is going to happen; they 
give tendencies rather than precise mathematical mules. It 
would be cash to maintain that euch ryles most extist: we 
may do well to jock for therm, bot not well to feel quite ocrtein 
that they are io be found. 

On the whole, the tandency of the foregoing discussiat has 
been to suggest that it in ciay ic cxaggerate the evidence for 
simple laws in ihe physical work. Where we inc mon— 
ta. in regard to the structure of the stom—there is, so Jar ws 
we btw, 8 complete ptsence of law in certain very important 
reipects, Where we imow ies, the laws may be purely 
statistical. The amoont of law koown to exist in the physical 
world is, therefor, less surprising than it seem at Get sight, 
and thee 16 00 conclasive reason for believing that all oatoral 
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pooorence: happen in accordance with Iowa which suffice to 
detennins them given = sofficient nowledgn of thelr ante- 
cedents, Science must continue io postulate laws, simce it 
is thmxtensive with the domain of natoral law. Eut it need 
not aeriume that there are laws everwhere; it oeed only 
BASIS, what is evident slices it ib a thntology, that there are 
Tews wherewer there is science. 


CHAPTER XXIII 
SUBSTANCE 


THE qotition of substance in the philosophy of physics has 
thine beanches: logical, physical, and epistemological. The 
fret is a prohlem in pure philosophy: is the notion of " sub- 
stance "in ary sente a” category,” 64. forced upon wt by the 
general nature either of facts of of knowledge? ‘The second 
16 & qotetion of the interpretation of mathematical physics: 
is jt (a) necessary oc {b} comveniont to interpret or fools 
im tems of pennanent entities with changing states and 
relations * The third concerns the special topics with which 
we are concerned in Part 1f.—namely, the relation of percep- 
tion te the physical world. The first and second pecblems 
Téeally belodg to other portions of the philosophy of matter, 
but T shell discuss them here in order to obtain 2 oifted 
discussion of the problem of substance. 

Logialty, " substance " has played a very important part 
in the past, and is still perhaps less obsolete than might be 
acppesed A cubstance may be defied in porely logical 
term a3 " that which can only enter into a proposition as 
sobject, never a3 predicate or relation.” This defmition is 
practically that of Leibniz, except that he does not mention 
relations, since he held them to be unreal. We shall do well, 
however, to intlude them, because the logical position of 
substance ia net much affected thereby, ete it may, I hope, 
te mere tales foc pranted that relations areas “teal” as pre, 
dicates. 

Mstaphysically, sobstances bave generally been held to be 
indestructibk. But this opinion is not justified by the Ingical 
deitition, Ehongh many philosophers have moppoted that it 
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wes, When T wish to discuss a sebstance heaving this forther 
attribute, I shall speak of it a9 a “ permanent substance ": 
when I use the word “ substance " without qualification, I 
shall mean only substance in the logical sense, leaving the 
question of duration open. 

lt is extraordinary defienlt, in considering substance from 
the point of view ef logic, to avoid being unduly inffoenced by 
the structore of languago. All langosges commonly mown to 
emvilized people consist of peotetecs which can be anabysed into 
sobject and predicate, two subjects and a dyadic relation, 
three subjects amj a triadic relation, etc., together with 
Telations between soch onite, tepeessed by “or oc “Gf or 
ome analopons word, I do mot keer whether the same can 
bet mald of African, Adstralian, of other oncivilized languages. 
But certainly it can be sald of all the languages that philc- 
acphers have known. Lowic, a3 ordinarily conceived, takes 
over this Linguistic scheme, and is inclined to attribute meta- 
Physical importance to it. We can hardhy resist the belief 
that the stractore of the sentence reprodaces the sinuctare of 
the fact which it assttts, or, it the case of false sentences, of 
the fact which wookl exit if the asamtion were be, This 
belief, natural os it is, settos very aoplausibl: when explicithy 
stated, Nevertheless, I believe that it bas some demoent of 
truth, though it is very hard to disentangle this clement. Ag 
attempt was made by Wittgenstein,* and I have been noch 
infloenced by hia point of view. 

Howe adioit, 25 it semms oatoral to do, that somes sentences, 
taken in thoit uml meaning, correspond te facts, while ctherg 
do not, we Must suppose that the stroctuce of sentences is 
malate], in wore way, in the structure of facts, since other- 
wise mich correspondence would be impossible. Morerver, a 
aftenct ia a physical dct, axl may therefore be expected to 
be capable of correspotdence with other physic facts. These 

* Frectatar Logico-Piiomphion. 
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Pwo arguments come from quite diffrent intellectual regions, 
the ome being Ingical, the other physical. Iiwe were discussing 
anything other than physics, they would work in opposite 
directions, and tend to show that we cannot understand (at 
least verbally) anything heving a stractore radically diferent 
from that of eventsin space-time. Far oor porpeaes, however, 
Lhe 60 argoments ere concurrent. 

Let nw, for a moment, consider na sentences a5 a physical 
eccurrence. We tmst distinguish betwee spoken atl 
written sentences, since the former are evanescent events 
whilk the latter are pieces of matter. We must alse distinguish 
between a sentence in the sense in which it is unique on each 
occadign When it is ektered op written, and # senience in the 
Benge in which the sare senlence cocuns at a given place in 
each copy of the same twck. Eig. jeremiah xvii, 9g 5 @ 
sentetce in the latter sense: in the former sense, the porticpfar 
sezice of shapes at that point in my Bille consticote a sentence, 
while these in yours coustitute another (simular) sentences, 
The former sexys comes first when we: are considering a sentence 
a3 & physical etomrtence; the latter, when we are comaidering 
it a having " micanitig.” 

A spoken srotence, considers] physiclty, is a series of 
noises fram the poiet of wiew of the bearer, and a series od 
Hovenoiis in the modth and throat from the point of view 
of the speaker, The “ meaning" of the sentence depends 
wpen the causes cf the spoken words and the effects of the heard 
words.” Bot for the moment let usignere meaning.” Then 
We find that the sentence consists essentially of noiges im order: 
the order is aa tetentiol as the character of the noises. (Ina 
language like Latin, thie is not a9 true of the separate woods 
asin mn modern longoage, bot it is just as true of the parts of 
words: “ Roma" is a different word from “ama.") Cot 
sidered as physical occortence, the words expresaing diferent 

+ Cf. dmelyeds of Mia, chap, x. 
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parts of speech are indistingnishable; nevertheless there are 
relations which are symbelioed by relations smongy testis, fot 
by words. Courtideer “" Brutus killed Cassar’ aul" Cassar killed 
Brotus.” The differene: Between thees fro statements is 
indicated, in an unoiflected language, oot by a word, but by 
& relation among werds. Thos a spoken sentence comsists of 
pertain noises in & certain temporal order. In the sentence, 
we can distingnish terms and relations: the terms are the words 
(or, more strictly, the elementary noisey which, in a phonetic 
system, would cach be repoesented by a separate letter), and 
the relations are temporal relations among events. According 
to our definition, the chmentary moles competing the sentence 
may count a6" substances,” in spite of the fact that they are 
evanescent. 

In the cage of written words, the sentence is no longer a 
temporal! series of events, but a spatial series of material 
etoactores. It is meet essentig] ta 8 written sentence that its 
parts showld stand for sounds: in some languages [e.2. Chines) 
this i: not the case, and there is some reason to think that 
writing developed ftom pictures, oot from the attempt to 
symbolize speach, Wa may therefore treat the written 
hangumge 85 an iodepcodent othed af conveying meaning. 
It is obvious that its efficacy in this respect depends opar its 
capacity Jor causing visual perceptions for tactoal perceptions 
in the case of “ Braille“), Written words, even Chinese 
ideograms, consist esentially of parts with a stroctiie, and 
the structure is cconitial to the meaning. This ia equally 
the case with a sentence, even in Latin. Take " Cesar amat 
Britom " aod " Caekaten aimat Brotos."” Here the case 
eniiogs may be regarded 2s separate words (which they 
probably were originally), whose position relative te the stem 
“ Brat’ or Cesar indicates the “ sense" of the relation 
maser ted, 

The written language depends upon the causal theory of 
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Common wnge holds the former view, thongh its “ things “ ara 
only quasi-permanent. But science hes found means of 
cesiring “things " into perewpa of dectroms and protons, 
tach of which may be quite permanent, As we saw in Fart I, 
thete are some Who think that an electron and a proton can 
gncthilate tach other, #0 that ever they are not quite per- 
manent. Bot the question af permanence is not the ont 
which Most cancers us, The question da: Ate elections and 
protons part of the ultimate staff of the world, ot are they 
groups of events, of causel iaws of events 7 

We have already seen that the physical object, a¢ inferred 
from perception, isa proup of events arranged aboot a centre. 
There my be a substance in the centre, bot there can be no 
reader to think #0, since the group of events gill produce 
exacth the same percepts; therefore the spbstance al the 
centre, if there is ane, 15 inelevant to science, and belongs to 
the realm of urere abstract possibility, [we can reach the 
san incdosion ax regards matter in physics, we have 
ditnintahed the difiealty involved in building tor boxige from 
perception tp physics, - 

The substitntion of space-time for cpace aod time has made 
it moch more natural than formerly to conceive o piece of 
Inatter 444 croup of events. Physics starts, nowadays, from 
4 fourdimensiooa! manifald of events, not, as formerhy, from 
@ temporal series of theee-imentional manifolds, connected 
with cach other by the conceptien of matter in motion, In- 
stead of @ permanent piece of matter, we have oo the con- 
ception of a" world-line,” which is a peries of events con- 
fected with each other in a certam way. The parts of one 
light-ray are commected with each other in a mannet which 
enaibhes wa to comaider them as forming, together, one light- 
Tay; burt we donot conceive a light-tay ms « mubstante moving 
with the velocity of light. Just the same kind of comnection 
may be held to constitete the onlty of an clectrom, We have 
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B Aries of events connected together by causal laws; these may 
be taken to fe the electron, since anything further 1s a rash 
inference which is theoretically useless. 

What ia pecoliar abort a string of events which physics 
takes 25 belonging to one electron is a character which is 
Preset approximately in the common-sense “ thing,’ a char- 
arte which i shonld define a9 the existence of a first-order 
differential law connecting succesiva events along a linear 
route. That is to say, grven an event belonging te an elechono 
at one place in space-time, there will be other events at certain 
neighbouring regions of space-time, separated from the dirst 
and irom each other by small time-like intervals, such that, 
when the intervals are taken small enough, if 2, 5, ¢ are three 
sch events, and the interval between @ and 6 is equal to that 
between & aod c, then the difference between a and 6 tends 
towards equality with the difference between band c, in certain 
totasurabie respects, This is a way of saying that acceler 
tions are always finite—-or, where they are not (aa perhaps in 
quantum pheancmena), there are other characteristics invelyed 
which are subject lo condition analogous to finite accelera- 
tim. Let us take first the common-sence “thing.” TT 1 
Weicha moving object, [have asericg al percepls which change 
gtadually, both 24 regands position and as regards qualitices— 
colrut, shape, etc. The gradoainess of the change is the 
exiterion by which I am led ta regard the perecpts as all 
belonging to Ge ‘‘thing.” Ent oo a common-sense bees 
thers are sxcaptions, such as caplosions. Science deals with 
thes ag rapid, bot oot instantaneous, changes, and #0 
remerves the axceptions. We thus amive at the conclusion 
that, given an event sata time, there will be closely analogous 
events at neighbouting ties. We may pypmboliza this by 
maying that, if there le an event x at time /, there will be, at 
any maighbonring tine 4+, an event: 

x+fiiehet +f ieee, 
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where fifa) is a continaoas function of the time, while f {4} 
is determined by the second-order differential cquations cf 
physica, §=The string of events so connected is called one plece 
of matter. In the casa of the sodden changes contemplated 
by the quantum theory, there is still continnity in everything 
except spatial position, and the spatial position undergoes 
a change which is ott of & small nomber of possible changes, 
Thus in this case also the trew otcurrences cam be cansally 
eonmected with the ald, thongh the laws of the commection are 
sonewrhet different from what they are in thé usual case. 

Thus the string of events constituting ome material unit ig 
distinguished fiom others by the existence of an inimimgic 
causal law, though this law is only differential. A light-wave, 
iD this respect, is analogous to 4 material woit; it differs in 
the fact that it spreads spherically instead of travelling along 
a linesr coute.* 

It will be seen that, if piece of matter ig 2 string of events, 
the distinction between motion and other continous changes 
is not ec simple as it seemed. We coold form continecus 
series of events which would not all belong to one picce of 
matter; therefore the change from one to another wonld not 
bea “motion.” A oetion "ism atring of events connected 
with each other ancording to the laws of motion. This might 
seen like a vicious citcle, bot in fact iLisnot What we asgert 
is: Strings cf events exist which are connected with each other 
scooting to the laws of motion; one such etring is called one 
puece of matter, and the transition from one event in the string 
to another is called a motion. This contains #5 mich as can 
be verifiable in physics, since every perceptismnavent. There 
iano mathematical advantage in asserting moce, and to assert 
more ig 15 go beyond the evidence. Therefors it 1s prodent, 
in physics, to regard ao electron 25 a group of events coo- 

F The oeo-nibetential charucter of the elciran o 

Ee Hale 
a they, 
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nected together in a certain way. An electron meaty be a 
" thing,” but it is abaglutely impogsible to obtain any evidence 
for or against this possibility, which is scientifically uoim- 
portant, because the groap of events has all the requisite 
propertica. 

The light thrown on the notion of substance by the con- 
nection between physics and perception, which wag the third 
branch of our problem, has already been touched upon. We 
gaw in former chapters that the physical ebject to be inferred 
from perception is a group of events, rather than a single 
“thing.” Percents are always events, and common ge034 ia 
rash when it refers them to*' things " with changing states, 
There is therefore every reason, {rom the standpoint of per- 
ception, to desire an interpretation of physics which dis- 
penses with permanent substance. Ag we have seen that 
such an interpretation is possible, we shall honceforth adopt it, 

There ia, however, a view out uncommon in philosophy, 
and perhaps oearer to common sense than the view which ] 
bave adopted. This view is, I think, that of Dr Whitehead, 
[t holds that the diferent events which constitute @ proup-— 
whether those which make up a physical object at one time 
or host which make up the bistory of a physical oblect——are 
ot fagically geli-gubsistent, but are mere’ aspects,” imphing 
other aapects in aon sense which is oot merely cagsal or 
inductively derive) from observed correlations, IT consider 
this view imposible on purely logical gromnds, and Have so 
argoed claewhers. But at tia moment i prefer to argue thet 
it ig empitically useless, Given o group of events, the evidence 
that they are ™ aspects" of cos“ thimg " must be inductive 
evidence dertved from perception, add must be execth the 
same as the evidence upon which we bave relied in collecting 
them into causal groups. The supposed logical implications, 
if they exist, cannot be discovered by logic, but onh by ob 
eorvation; of oot, by mere reasoning, coukd avoid being 
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decelved by the three-card trick. Morsover, in calling two 
events “aspects " of ome “ thing,” we imply that them bke- 
ness is more important than their difference; bot for science 
both are facts, and of exactly the samt impettence. One may 
say that the theory of rebtivity hat green up by paying 
attention to small differences between “aspects.” I conclude, 
therefore, that the “thing " with “ aspects “ is a9 nsekesa a3 
Penmanent substance, and represents an inferences which 15 24 


wowarrantable as it is unmecesssary. 


CHAFTER KAI¥ 
IMPORTANCE OF STRUCTURE 1N SCIENTIFIC [NFRRENCE 


Tue inference from perception to physics, which we beve been 
consideriog, is ote which depends npen certam postulates, 
the chief of which, apart from induction, is the assumption of 
a certam similarity of stroctore between cause and effect 
whert both are complem. I want, in this chapter, to inquire 
more closely inte this postulate, not with a View to establishing 
its validity, which I shall take for granted, but with a view to 
discovering what it asserts and what ape its pongeqnences. 

The Grst point is to be cleaz as to what we oean by stricture. 
The notion #3 not applicable to classes, but only to relations 
or systems of relations. It is fully defmed, and made the 
basta of a general lind of arithmetic, in Pracifia Mithema- 
Aica.* Bat as the later parts of that book are not read, I may 
be excused for repealing, in outline, what is oecded for our 
prestat purposes. 

Two relations P,Q are sakt to be * similar“! af there is o 
ome-Oht relation bebreen the terms of their fields, which is such 
that, Whenever two terms have the relation P, their correlates 
have the relation @, and vice versa. The most familiar 
example is that of series: two series are sitniky when their 
terms Can be correlated without change ofonder, Bot it wonkd 
be a great mistake to suppose that series are the oniy im- 
portant application of the notion of similarity between re- 
lations. A map, for example, if accurate, is similar to the 
region which it maps. A book spalt phonetically is similor 
to the sounds produced when it is read glow. A grainophone 
record is gimiler bo the music which it prodeces, And so on. 

* VoL ii, part iv., a7 i. 
za 
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Tt shoukd be observed that similarity applies not only to 
two-term relations, but to ceiations with any sumber of terms. 
Suppose we have te oflations &, A’. each s-adic: suppose 
thera is 2 one-one relation § which relates ali the terms in the 
Geld of # to all the terms in the fleld of R’; bet 4), 34. - + Fu 
be = terms which have the relation Fy and let ay. ay)... He 
be the terms correlated with them by the relatkn 5. Then 
Band 3° are sitiilar if there 13 a one-one relation 3 such that, 
when the above conditions are fulfilled, #,',5,',... 4," have 
the relation Fi’, and conversely, 

Tero relations which, are similar have the game ‘" structpre " 
of" relation-nuaber.”” The" relation-number " of a reladion 
is the same a9 cts structure,” and is defined a3 the class of 
al) relations similar to the giver relation. Relation-npmbers 
satiety all the forma] laws of arithmetic which ant satished by 
branginite ordinal numbers; ordinal numbers, both fmite and 
transimile, are a particular kind of relat ich-numbers—namety, 
the telation-tumbers of relations which generate well-ordered 
Eeries. 

The fotmal laws satished by relution-numbers are: 
fad Fl tye t {ft x) 
ja x A) x yoo x (8 wy} 
G+ yl x a= fF Xa] +1 * a) 
wx o¥=_tty 
{aa}+ = ahr, 
They do not in general satisfy the commmtative law, nor ihe 
other fon of the distributive law, viz.: 


ax f+3)=> (uf) +(e), nor at » pror{e x fir, 


Reiation-nembers are important for the following reagan. 
in addition Lo the peopositions which can be groved by kogic 
{eenmidered in Chapter XVID), there are other propositions 
which can be esanciaied by logic, though they cannot be 
proved or disproved except by empirical evidence. Stch, for 
example, ia the proposition: “° There are classes which are not 
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finite." This is a proposition which is purely logical in 
content, but there is nog phat way of knowing whether it is 
tru or feiss. (Many such Lave been propesed, but they are 
al) failacioos,} Then, again, there are propositions which 
contain some particnlar constitment, but would be capable of 
exunciation in logical terms if that constituent wert toroed 
inte a vatiabie. Take, ¢g-: ” Before is o transitive relation.” 
This ig not & statement which pore logic can coonciate, because 
fore ien enopiticalrelation. But” Risa toageitive relation,” 
where J js variable, can be mrunciated by pure logic. We will 
aay that a proposition containing a cerlain constituent a at- 
tributes a‘ Ingical property "' to a if, when @ is replaced by 
a variable x, the result is a propositions] fonctian which can 
be expressed by logic, The test of a logical property is very 
tuple: apart irom the constant a, (here mugt be no constants 
invel¥ed—txcept such purely formal constants as “ incom- 
patibility "' and “ for all values of x," which sre not coo- 
stituents of the propositions im whose verbal or symbolic 
expremion they coco, Tt will be seen that wramsitrvencss, 
fe. if a logical property of a relation; 50 is asyminetoy oF 
syainretry; £0 ip having # terms in its Held; so is, im the cast 
Of @ three-term relation (irteecs), the property of generating 2 
Buciidean space; £0 is, ut the tase of a boor-term relation 
operation of compet), the pioperty of peathating a projective 
pace; aadscon, We can now state the proposition on accopnt 
af which shrocture is ituportant. 

Wiem deo relations Mave fet sone structive [or relation 
number), aif their logical propertios are identical. 

Logical properties include all thoge which can bea expressed 
in mathematical tems. Moreover, the inferences from per- 
ceptions to their canses, aasumipg such inferences to be valid, 
are concenied mainky, if mot exclqsivealy, with logical pro 
perties, Thip latter proposition ie ome which we must now 
aqaming. 
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Take frat the relation between the space of physics and the 
space of perception. Within the private épace of oof per: 
cipint, thers isa distinction between percerved space-relations 
and inferred ones. ‘Thote isa space toto which all (he percepts 
of ont person fit, but this ia a constructed grace, the ronvtrac- 
tion being achieved during the Gret months of life. fut there 
are also perceived space-rrlations, most obviously among 
Fisual percepts. Thete spece-relations are not identical with 
those which physicsassomes among the corresponding physical 
objects, bot they have o certzin Kind of correspondence with 
those relations. [i we represent the posilion, for physica, of 
Visible objects by polar co-ordinates, taking the percipient ag 
origin, the two angular coorndingies correspond to perceived 
Felalions among visual percepts, while the radios vector 
(except possibly for very smal! distances) i¢ inferred by means 
of canea! laws. Let ws confine ourselves to the angolar co- 
mdinagte,, My oot is that the relations which physic, 
anomie} in agsigning sogular co-ordinates are not identical 
with {hogs which we perceive in the visual field, but merehy 
comtspand with them in a manner which preserves their 
logical (mathematical) properties. This follows from the 
aisumption that any difference between Pwo simultaneons 
percepts implies a correlative difference in their stimuli. 
Consequently, atsuming that light travels in straight lines, 
fro Objects which produce percepts whieh differ in percerved 
direction must difier in some regpect which corresponds with 
perceived direction. Hut we need not assome that physical 
direction hes anything in common with visoal direction except 
the logical properties jauplind by the above estomplisn. I 
shall, lo Fart JIT., attempt 4 construction of physical space 
which will suppiy soot of the detail of the correspondence; 
for the present, [ am concerned to point ont that we can only 
infer the logical [or mathematical) properties of physical space, 
and must not soppose that it is identical with the space of our 
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percaptions. Jndead, a9 I shall try to prove later, the whole 
of a man’s viaoal space is, for physics, inside hishaad: this will 
follow from canal pongiderations. 

The same sort of considerations apply to colours and sounds. 
Colours and sounds can be arranged in an order with respect 
te several characteristics; we have a right to assume that thoir 
Stimuli can bet artanged in an order with respect to comte- 
aponding characteristic#, but this, by itseH, determines only 
certain kipleal properties of the stimuli. This applies to all 
Farittite of peteepts, and accounts for the fact that cor kaw 
Jedge of physics is mathematical: it is mathematical because 
no non-mathematical properties of the physical world can be 
inferred froma perception. 

There is, however, one exception to this limitation, at least 
apparently. The stception J mean is fee. We alwaye 
agsume that the time between percepts is the same as the tome 
in the physical world. I de not know whether this wiew ip 
correct or not; but 1 will try to set forth the arguments on 
either side. 

Tn the Grat place, we must adapt oar language to the theory 
of relativity. I shall assume (what I shall argue in Part III.) 
that, when we are speaking of physical space, all og percepts 
arsinourhead. Congequenthy paychological time is the sama 
as time meagored by our watches, avmming that we carry 
them on our person. Qur head moves along 4 worldins, and 
our paychelogical time-intervals are measured physically by 
integrating dz along this word-line. Thos there ia oo diffcalty 
in adapting the statement that psychological and physical 
time ars identical to the requirements of the theory of rela- 
tivity. In this respect, titoe differs from space, because 
physically all oor simaltanncos percepts are in poe plane, 

[ think, however, that the time-intervala betesen percepts 
are coly to be obtained by mains of inferences of the some 
aort as those which Lead og to the physical world. Perceided 
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relaboos are not betwean events at different tins, bat between 
& peteept and a recollection, both of which cecor at the same 
time; Of agaim, where wery short times ate concerned, bebween 
a sensation of maximom vividness and a fading (akotothic] 
Btttttion. Sensations do tot decay soddeniy, bat fade 
gradually, though very gaickly. That it why 4 quick move 
ment can be apprehended 23.2 whole: the yansations belonging 
to earlier parts are till present, thoogh bess vivid, when the 
sensations belonging to later pariaaria. Thos our knowledet 
of time steros to be inferred [rom perceived relations which are 
not strictly temporal. These relations are, 1 think, of three 
sorts. Two sorts have been mentioned: the relation of a vivid 
to a fading sensation, and the relation of a percept tac recollec. 
tien. «= But in addition to these there i¢ an order within recollec- 
tions : we can recolicct a process in the hghtdmder. Here, also, 
however, all that we perceive is io the present, and the time- 
order of the original events i inferred from relations atnong the 
STO WCANeOUE events Which constitute our present recollection. 
Thus the concluyion seems to be: Paychological time may ba 
identified with physical time, because neither ip a datum, but 
each is derived from data by inferences of the sort we havn 
found elaewiere, namely, inftrentes which allow wa to know 
only the logical or mathematical properties of what we infer. 

Thus it woold seem that, wherever we infer from perceptions, 
it a8 only stoocture that we tan validly infer; and strecture 
i what can be expressed by mathematical logic, which includas 
mathematics 

Before concluding this discussion, we must coasider an 
extension of the notion of similarity which has consikterable 
importance in relation to the infaremces leading to the physical 
work) In defining similarity, we used 5 one-one relation 5. 
But we may substitute a many-oon relation, aod stil obtgin 
something mein The importance of this is thet, an we have 
seen, if we take a group of events comitituting @ physical 
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object, the relation of the events which are nearer the object 
to these which are further front it is many-onr, not one-one. 
TE we are observing a mat half a mile away, his appearance is 
not changed if he frowns, whereas it ip changed for a man 
observing him from a distance of three feet, Considerable 
events mey happen in the sun without being perceptible to os 
even with the best telescopes; but near the sun thay may have 
effects which would be important to a percipient sitvated 
where these sffetts otcor. § It is obviens as a matter of logic 
that, if our correlating relation 3 is many-imet, not ont-or, 
logical inference in the sense in which 5 foes is just a3 feasible 
a3 before, but logical inference in the oppadite sense i¢ more 
difficule. That is why we agaume that differing percepts have 
diffarmy stimuli, but indistinguishable percepta need not have 
exactly similar stimuli. [i we have xia" and yS+", where 5 ig 
many-one, and ify and +° differ, we can infer that = amd +" 
differ; but if y and +" de not differ, wa cannot infer that « and 
a’ do oot differ. We find often that indistinguishable pereapts 
are followed by different efiects—¢y, one glagy9 of water 
causes typhoid and another dees mot. In goch casce we 
atéume impecceptibia difierences—orhich the microscope may 
renter perceptible. Bot where there is no discoverable 
difference in the effects, we can still mot be core there ts not a 
@ifference in the stinnali which may Decor celevart at some 
later stage. 

When the relation 5 is many-one, we shall say that the two 
aystens wluch it correlates are “ semi-similar.” 

This consideration makes all physical inference more or legs 
Precarious. We can construct theories which ft the Inown 
facts, but we can never be sure that other theories would not 
fit them equally wel. This is an essential limitation on 
scientific inference, which is generally recognised by men of 
acience: Oo prudent man of science would maintain that such- 
and-such a theory is #0 firmly established that it will nevercall 
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for modification, Newtonian gravitation came nearer to this 
certainty than any other theory has ewer dane: pet Newtonian 
gravitation has had to be modified. The fundamental reason 
for this uncertainty, which remains even when We assum all 
the canons of scientific inference, is the fact that our relation 5, 
which connects the physical object with the percept, is many- 
One and Dot one-one. 


CHAPTER XxX¥ 
PEECEPTIION FROM THE S7ANDOPOINT OF PHYSICS 


HrrnerTo we have been taking perception as cer starting- 
post, aad considering how physica coold be obtained an an 
inference from perception. In the present chapter, I want 
to purene the opposite course, and consider bow, amuming 
physics, percepts can find their place in the physical world. 

Let us first of all exclude certain problems which are not 
rélevant to this inquiry, A “' percept,” considered as the 
epintemdlagical basia of physics, must be w "dalam it must 
be simtthing noticed. Obviously, therefore, whatever may 
be true of pereapts in general, those which afford empirical 
prcaiiases for physica have ta be “imown.” Hut it is un- 
mececsery for as to define ' kmowing'': for physics, only the 
percepts are important, and our relation te them may be taken 
for granted. Similarly we need oot consider whether, when 
we perceive, the occurrence it relational, invelying a percept 
and a pertipient, oF whether the occurrence of the percept it 
all that happens at the moment, and its “ mental '* character 
is conberred by memory fin ila most general sense). Soch 
paychological questiqns need not cancem uz. What I wish to 
discuss is the physical states of percepts, tz. of patches of 
colour, moines, omelis, hardness, atc.. a6 well as perceived 
epatial relations. And in this discussion | am mow assaming 
ordinary physica, sobject to the latitude of interpretation 
explained in Chapter I, 

Dr Whitehsad’s books are a protest againet the “ bifurca- 
tion of pastors" which hes petulted from the causal theory of 
perception, With this protest I am in complete agreement. 
Locke's belief, that the primary qualities belong to the object 

any iy 
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and the secondary to the percipient, bas been that of science 
in practice, whaterer individual scleotific men may dave 
thenght in their philosophic moments, The view which I 
wish to advocate is quite diferent. I hold that the world is 
very foll of events, that often 2 group of these events, or some 
characteristic which the members of the group posses in 
varying degrees, i9 such as to yaggest arrangement in an order, 
generlly a symmetrical onder about a canbre—eg. the parcepta 
of different people when they lock at a peony may be ordered 
by their aise and by their shape. The orders derived from 
diferent sources are rooghly identical: #. if we move so as 
1o make the big diam look larper, we also move so as to make 
it somnd looder, In this way We construct a spect Conlin 
both percipents and physical objects; bot percepts have a 
twofold location in this space, namely that of the perdpient 
and that of the physical object. Keeping one ball of this 
location fixed, we obtain the view of the world from a given 
place; keeping the other hal fixed, we obtain the views of 2 
given physical abject irom diferent places. The first of 
theat 15 @ pertcipient, the second 34a physical abject. Bot the 
first half of this statement is ta be taken with a grain of alt. 

The physical world, I suggesh, considered as pttceptibk, 
comisis of oecurrences having this twofold location. For the 
moment J am concemed to assign the place of perception in 
soch a scheme. 

Considers spherical light-wave proceeding fom a momentary 
flash. Ju pacaa, it advances in accordance with Maxwell's 
equations, bot when jt excounters matter it becomes trins- 
formed in one way or another according to circumstances. 
What do I mean by saying that it " encootters matter"? 
The anéwer i¢ quite straightforward. Connected with mich 
electron or proton there ln a gravitational held and an electro 
magnetic Geli: these are displayed by laws modifying the 
“ undistorbed " distributior about other ceatirees of such 
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things as light-waves. In tact, the fields oy De said ectoolly 
to consist ed the formule of such modification. Therefore 
when | way thata Light-wave“ encoonters matter,” | mean that 
it ia mear the centre of some soch systematic medication. 
The aye is @ cotlection of auch centres, and after bawerping it 
the process which was ao light-wave cheys a different set od 
lows. The peroept is a term of this process, characterized by 
the fact that it ocouts alter traversing 4 tegicn of a certain sort 
=o wit, at ¢ye, an Optic tere, and partofa brain. Crring to 
its causal continulty with other parta of the process, it has, 
a4 its twofold location, on the one Hand the source of light, on 
the other hand the brain. Tf it is said that a percept iy 
* obviensiy ‘' oat in the brain, that ig beranse we are thinking 
of its location in the physical object, and comparing this with 
the location of the brio ws a physical object. 

Certain axpianations are called for, chiefly in virtue of 
Dr Broad's criticiams.* In the first place, it is suggested that 
the above theory takes a common-sense view of the percipjent's 
body, and derives from this an undue plausibility for the view 
which it suggests a9 19 external objects. This is not the cosa, 
but in order to dispel the appearance of such an error it is 
nectasaty to coplam the twotold character of 4 physical object. 
Oo the one hand, it ina group of “ appemrances "—4.9, of con 
nected evants-—differing, from next to pect, approximately 
accotding tc the laws of perépective. On the other hand, a 
physical object has an influence: open the appearances of other 
objects, especially appearances in its neighbourhood, cansing 
these to depart, in a greater or lesa degree, fron what they 
wold be ii they followed the laws of perspective stricthy, The 
sohat orgie heave only this second function to perform in the 
theary of perception, while the object perceived hey the first 
function. It is this diference of function, in tha theory of 
petception, which makes it seem as ji we were trmting the 
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percipient’s bedy more reshgticalhy than external objects. 
Bot this is oply a matter of dagres, The appearance of an 
extemal object is modified also by other external objects— 
ag. by bloe spectacks or by a oicrscope. © camceive the 
part played by the eve as exeentially analogoosa to that played 
by o microscope; and I take the sane view as te the part 
played by the opti nerve. 

Another objection urged by Dr Broad in thet the above 
theory is at best only suitable to visual objects, not to objects 
known by other senses. Now 1 certainly bold that vision is 
much the most important and least miskeading of the senses, 
when considered a5 a source of the fundamental notions of 
puysics. Bat I do oct admit that the view which 1 have 
suggested Win any way inapplicable te the othersenses. This 
subject, however, demands some discussion, 

Let us take Gret the sense of tench. This sense ig com- 
Flicated by the fact that it fas oo special organ, such a+ the 
eye, but is diffnsed throughout the surface of the body. In 
order to averd complications, let us aetume that only the tip 
of the forefinger of the right hand is being used. I do not 
lenow what, oxacthy, 16 supposed to be the physical process in 
tooch, Bot We guy suppose Ihaet it is somewhat as follows: the 
electrons and protons of a certain part of the skin come into 
such che proximity to thoge of an external body that electrical 
disturbances are set up, which travel along the afferent berves 
fo the proper part af tha boom, and produce corresponding 
d@istorbences there. Tt docs not matter fer oor porpeses if 
this view is mot qoite ght, since the exact nature of the 
process is irrelevant. Bat there fa one point of some im- 
porbence, amd that ls, (heat the change of lack of chater ma 
mersation af touch has more importance than it the case of 
sight, A printed letter, and sven a printed word, can be seen 
at a glance: bot to read " Braills ° it is necessary to Jet the 
finger travel round the comtoare of the letters. Tha shape, 


PERCEPTION FROM THE STANDEGHINT OF PHYSICS sir 


in the casa of touch, is, in the mado, inferred by means of 
mrement ; the momentary datum is muuch simpler than many 
Vial data. The inference to ghape depends, of course, upor: 
the aésuoption that the cbject touched has mot changed its 
shape moearehils: it would be difficult for a blind man te 
acgoire correct views ag to the shape af an eel. But when 
thera ig dowbt the finger can be allowed to travel repeatedly 
Tonnd the contows of tha object; if the result 15 similar on 
tach occasion, it may be assomed that the object has kept an 
approximaicl tichanging shape. 

There is another respect in which touch is inferior to sight, 
and that is, that the spatial relation of the physical object to 
the percipient’s body is much more restricted. The phyuical 
abject must be very close to the part of the percipient’s body 
which is said ¢o be touching it. ‘This means that its Incation 
is confimed within a certain small raging, Within that region 
tench can Iocate it rather well, provided o sensitive part of 
the akim i9 used; we know the position of our hand by mans of 
feelings connected with tho mouclss, and thence we inom the 
position of anything in contact with the hand. The inter- 
¥Venite medium, in the case of tooch, is always o part of the 
petcipient’s body; bet its infloence is shows in the difference 
Between the touch sensations when 4 physical object touche 
ome part of the body and whet it touches another, Thus our 
theory applies bo bouch just a3 well as 10 sight. 

Bound is, in Many ways, Very analogons to light. It in a 
disturbance having o centre, and is greatest near the centre. 
What we hear is londest when we are near the contre. The 
direction of the sound can be panged mughly, though mot with 
anything approachiog the precision with which we can gauge 
the direction of a ¥isnal object. Hert, also, we bave @ certain 
Physical process, which obeys certain tw in air, but cheys 
eomniwhat different laws in the ear aod nerves aod brain. 
These differences, however, may be conceived to be of the 
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gam? kind, ckacitially, as those normally prodaced in physical 
proces: by the presence of matter. T cannot see, therefore, 
that soond offers any difieuity. 

The other senses are noch Jess important as sonrces of 
phymical knowledge, and it seems onnecessary to discuss them 
in detail, Physinogy, however, tends to show that any 
abtormal condition of the sense organs or of the afferent nerves 
tends to modify percepts im such a way af requires, for its 
explanation, some sich theory ea ours. It is a fallacy to 
ane, a6 if smctities dome, that, if wo cannot trost our 
Sets, wre cuinet know that we have settee organs, or that 
there # any truth in physiology. LE we find that sevcal 
people, looking at Jones, s¢¢ him just as aidal, while one person 
£003 him looking queer: if the several ste nothing queer is tach 
other's eyes, while they all see something queer in the eyes of 
the ome; in such cireumstances, I my, it is gatoral and proper 
te correlate the boro queermesses. The iman who sees Jones 
differently fom usual sees bit through a medium which hes 
an dhe) tect ; there) is no moc) growed for scepticien than 
is te be devived fr the effect of opera glasses, The sceptical 
armament is coly valid as against naive realism, and derives 
its rhetorical force [rom our tendency to relapse into naive 
realism whenever we are not oo pur guard. 

The cognitive efficacy of perception depends upon two 
factors, one physical and poe peychological (aod phydological). 
The paychological factor i; memory and the whole effect of 
expoiance cpon mind and bey. This ie & lerge wubject, 
which I mention cnly to dimnies, The physical factor, how- 
ever, may be pointed out ence more. Tit is, the fact that 
physical occurrences tend to be gronped abont centres, the 
members of ome group being approximately related according 
to inwa which we heve cailed the laws of perepective. This 
enables us to inter from a percept other percepts which we 
phomid have if we moved, oc which other percipients have 20m. 
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When one astronomer 3ee3 an eclipse of the moon, he can be 
Pretty sure that others see it too if they are Inoking in the right 
direction, When ome man yee9 the Derby, he can be peatty 
sore that the other spectators are also yeeing it—i.c. that they 
have percepts which can be mferred approximately from his 
by the laws of perapective. As to what is happening where 
there [a ao percipient, We cat, om certain assumptions, infer 
a good deal as to its mathematical structure, but nothing a3 
to its intrinsic quality. In a word, the inferential power of 
Perception depends won the fact that physical events occor 
io connected groups, and ig limited by the fact that this is 
only tric te a pertain degres of approximation. 

There hatains one matter of considerable importance te be 
discussed in this conmection—I mean, the prema faces difference 
between a perecpt and a physical process. Alt frst sight, a 
light-wave seema very different [rom a visual percept, and a 
sound-wave from an amditory percept. But this apparent 
qulf is duo to comparison of events of different orders. A 
Physical disturbance, such 29 a light-wave, must be regaried 
45 much tore complex in reality than in mathematics, Events 
in the physical word are correlated according to cortain laws, 
and #e can, for mathematical purpescs, treat a whole eroop of 
conehited events os if st were ome event. There is oo theo 
retical reason why a light-ware should not consist of groupe of 
eccorrences, cach containing a member more or legs anabogous 
toa minute part of a visual percept. ‘We cannot perceive 9 
lightwave, since the interposition of an eye and bom stops it. 
We know, therefore, only its abstract mathematical propertics. 
Such properties may belong to groups composed of any litt of 
material, Jo assert that the material mast be very different 
from percepts is to gaye that we now a great deal more than 
we do in fact know of the inteinsic character of physical events. 
Tf there is any advantage in sopposing that the light-rave, the 
poocess in the eye, and the process in the optic osrve, contain 
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events qnabtatively continwooy with the fal visual percept, 
nothing that wa lnow of the physical work! can be ustd te 
disprove the sappetition. 

The gull between percepts and physics ia met a gulf os 
regards intrinsic quality, for we know nothing of the intrinsic 
quality of the physical workd, and therefore do oot know 
whether it is, or is mot, very different from that of percepts. 
The gull isasto what we inow about the two reahng. We know 
the quaity of percepts, but we do not know their laws so wall 
asowt could wish. We know the jaws of the physical work, 
itt 60 far as these are mathematical, pretty well, bot we know 
nothing «le about tt. [é thers is any intelectual difficulty 
in supposing that ihe physical work! is intringically quite 
polike that of percepts, this is a reason for supposing that 
there is not this complate aolikeness, And there is a certain 
ground for such a view, in the dact that percepts are part of 
the physical world, and are the only past that we can know 
without the halp of rather elaborate and difScalt inferences, 


CHAPTER XXXVI 
HON-MENTAL ANALOGUES TO PERCEPTION 


As we mw in Chapter AMY, the cognitive value of perception 
—4. its capacity for giving tise te inferences which are often 
valid—is & product of two factors, coos depending upon the 
human mind amd bedy, the other purely physical, The factar 
which depends upon the human mind and body is that which 
is comemed with “ omemic™ phenomena. Those ogecur 
wherever there is life, and to some slight extent in “dead ' 
matter; but the higher the type of lite the more notable they 
beacon. It is, however, the physical factor in perception that 
I wish to consider in this chapter, as it appears when separated 
from the omemit factor. That is to say, | want to emphasize 
the fact that a percept is oor of a system of correlated evmnte, 
all strocturally somilar or semi-somiiar, and that the physical 
world, so far as lmown, consists of puch events. My main 
Purpose in dwelling upon this topic is to make it clear that 
percepts ft easily and matorally inte their place in the physical 
workd, and are not to be regarded as something quite different 
from the protesecs with which physics is comcerced. 

Let ws revert to cor carlicr illustration of the dictaphone 
and camer which record a conversation with its apcompanying 
acting, amd are foond ty agree with the recollections of eye- 
witnessed. Winn we considered this coincidence in 4 previous 
chapter, we were concermed with fomdamental dogbts; now 
we will aamom= the four-dimensional manifold of physics and 
the justification (in principle} of the inference from perceived 
te unperceived events. Assuming this, what can we infer as 
to the rekition between (a) the sounds heard by the listener, 


(0) the eventy jest outekds bis ear when he bears, (¢) che eventy 
rhs 
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at the dictaphone at the sime tima, (@) the dictaphone record, 
ff) the sounds heard by the man when he listens to the 
dictaphone ? 

The simitgrity between (¢} and fe) is fundamental, and ia 
kecwn by a comparison of a percept with a memory. Thus 
the problem of the relation between perception aad memory 
ia involved; but a this problem is psychological, I will only 
rey that the inference fom a@ recollection (which occurs now) 
to Phat i cecollected frhich occurred at a former titee) appears 
toa me to be efsentialh simifar te the inferences in physics, and 
to warrant ony a bebef io identity (or close simikrity) of 
structora betwee the recollection and the event recollected. 
The grounds for the trustworthiness of memory seem to be of 
tha same kind 25 those for the trustworthiness of perception. 
But I shall take alll this for granted, since our theme ts physics, 
not peychoingy. I shall therefore aevume that a] and {e) can 
be known to be sdinilar in strocturm, in the senge explained in 
Chapter XXIV. 

We have thos 4 cham of processes, [a] at one end and (#) at 
the other: the end- processes are similar in the iechnical sense, 
and we assume thet the intertardlate procesets atc also similar, 
both to each other and te the end-procesaes, Let ws consider 
this in wmewhat more detail, The relation of fe) and (5) is 
that of percept and stimmlus—i.e. a rehtion of effect to cee. 
The effect is a complex process: we assume that recagnigably 
different percepts oriet have different stimuli: therefore the 
cause must be a oomph: proces, at least semoi-similar to the 
effect, We may take it a3 similar, not merely amt-similar, by 
ignoring those respects? lf ay, in which the structure of the 
cause is more conplex than the structure of the eHect. A 
similar arrument will enable ué to treat (€) and fe} as similar, 
Since fe) and (#) are similar, it follows that {b) and id) ae 
aii, We cannot atbpibote this pimilarity to chance, sloce 
tt de fond to exist whenever the occeatary conditions have 
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been fulfilled. Hence we infer thet (c) must also be similar 
to the other processes. Since the dictaphone may be placed 
anywhere in the neighbourhood of the speakers, we iofer that 
throughout a région surrounding them there art physical events 
similar in structure to the aural percepts of the Listener. For 
light, the same thing follows irom photographs. Consequently 
& percept, ciuidernd physically, is mot very different irom 
other physical events. We may suppose, if we choose, that it 
differs fom them in intrinsic quatity, and we know that it 
differs causally, since it gives rise to marnocies and inferences, 
Even these, however, are not 50 different from certain physical 
processes at they seem at first sight. 

Memory is shir by the capacity for producing events 
SMmijar ip structure to cérthin previews events, when the ight 
stimulns i applied, We are not always remembering every- 
Fhing that we can remember: we remember things when we 
ire asked aboot then, or when samething occurs which recalls 
them by asciation. The dictaphone "remembers" ip this 
sane. It is true that it canmek "infer: it will not answer a 
question which it has newer heard amawered Hot physio 
logical inference, which is causally the besa of all other 
inference, is mot very undilee other physical proocsses, and may 
Quite podtibly proceed accoming to the laws of physics. Herw- 
ever, I do not wich to porsur these psychological topics: it is 
onby perception aod its oon-mental anakyocs that I wish ta 
congider, 

We have to suppog that a great many events are taking 
place everywhere, since both light and sound can be recorded 
by inuiroments and chserved by percipients, Our visual 
finkt is very complex, and the physical stimulos must have 
at least eqnal complexity: if this were not the case, we could 
aot set a aime of objects at once, nor codkl a photographie 
Plate photograph them. Physica, however, simplifies all this 
by tadeing the stionolus to & sensation lo be 4 periodic process, 
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met a static event, Our perception of colour, for example, 
dons thot ssem to be a periodic process anakogous to o light- 
weve; in this reqpect, the apparent strocture of a vienal per- 
cept differs from that which physica ay7omes in the extemal 
cauyt. A few words dust be seid ob this tepde, in order to 
make clear its relation to our general theory of similarity of 
structure. 

Firet: in @ transaction soch a9 the passage from stinobos to 
percept, we camot expect complete similarity of sbrocture: at 
foest we can expect as much as we find in purely physical 
Transactions. There is a great deal of difference between a 
light-Wave aid a quantam change in an atom, Yet they are 
related as efert to cause, What te inom aboot the atom 
we know in, virine of the light-wayes which make 13 see things; 
ondes; differences in light-waves corresponded to differences in 
atoms, light-waves would not be vehicles of information about 
atoms. Now when Ught-wavts teach the eye, they have 
effects up the matter of the eye, which reverse the previous 
process from quantum changes to light-sayts Tt is possibk, 
in view of euch theories 25 we considered in Chapter MIMD, 
that the relation between what bappers in the atam and whet 
happens jn the eye is mora direct than the above account would 
suggest, but it would not be prudent to asim) What this is the 
tase optil the theory ot light quantita has became more adequate. 
We cannot, therefore, aasume any very chose relation bepreen 
the physikal process in the eve and the physical process in tbe 
atom from which the Jight comes. And 2 forhort we cannet 
agsume a very close relation between the percept and the 
process in the radiating atom. Yet it is only in eo far as such 
@ relation exists that vision can be accepted as @ soiree of 
physical knowledge; in sc far ne the correspondence fail, 
virion cesses to be trostworthy. 

Secondly: there is mo fteasoo why the degree of corre- 
spondence between stimulus and percept which is required 
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ahoold not exist between a periodic process and a static ooror- 
rence. Sa long ae different processes give rise to different 
Ptterpis, the requisites in the way of correspoodence am 
fatisfied. There is therefore 0 theacetic difficolty un the view 
that the soomulus to a seisation of od is a vibration, while the 
Sonsation of red itself has mot this character, but is a steady 
State capable of contiouing for a short Gite time. 

Thirdly: we do not really lanow that oor percept of a cokvor 
docs not have the rithmic character of the stimulus. We 
Ienow gomething abemt percepts, but not all about them, We 
ali know that if an object is made to rotate rapidly, for instance 
OO a top, We cAD gee it rotating if it does not go too dst, bot 
when it passes a certain speed we gee ophy & contingoos band, 
This is to be expected in view of the existence of akahthic 
wmsations. Bot it by no means follows that thes is not a 
flicker in the percept, althongh we cannot perceive a fikker. 
Exactly the same thing applies to ght and sound geucrally, 
and to the apparent continuily of motion in the cinema. We 
canto know, wiles in virtue of sete clabtrate argument, 
weber our percepis are static or rhythmical, nor yet whether 
theic physical still are continwows or discrete, Such lmow- 
edge is rendered impossible by the fact that we ean only assome 
semi-similarity, not full similarity, between percept amd 
stimmus. 

There is therefore no dificelty in the accepted theory chat 
the stimali io our most important percepts am rapid periodic 
procesics. On the other had, there is a great advantage in 
this theory, in that it simplifies the physical world which hay 
to be apyumed aa the cansa of opr perceptions, A physical 
system, conceived merely aa 4 wet of material units in space. 
time, 19 capable of an indafinite variety of rhythide move- 
ments. Some physicel structores are resonant for one period, 
some for another. Thos cor sttieé-ofpiks can éclect one sort 
of movement 3 the stimoles to which they will respomd, and 
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reject all the rest. In fact, it may be anid that the scamtiat 
characteristic of a sense-otpet ik senaltiverces to one sort of 
stimulos, which, io the case of the cye of the sar, ommst be a 
pertodic movement. In this ihe sente-crgans de not differ 
from Lifaless ingtroments, such as photographic plates and 
gtamepheie)s. Sech imttroments have something <clesch 
analngons fo percention, when we leave ont of account the 
‘mental consequences which we observe in oumelveg as a result 
of perception. And in a certain extended sense we may say 
that every body which behaves in 3 characteristic manner 
when a certain stimulus ig present, and only then, hes a 
" perception " of thet stimulus, We can infer ihe stimulus 
from the bebavicor of soch a body just aa well as from our 
ow pertepia—somatimes better, as in the case of a very 
senaitivn photographic plaic. 

The outecme of the discussion we have been conduchng in 
Part II. has been to justliy the ordinary scientific attitude, 
and to minimize the gulf which seem at Gret sight to exist 
betweent perception apd physics. We have seen that the 
inference from percepts tooo perceived physical events, thongh 
# cant be made mathematically cogent, is quite as good 
aa any indoctive inference can bopeto be, Aniwe bare found 
that there is 00 gtemnd in phikeophy for supposing the physical 
woth! to be vety didierent fro what physict asserts it to be. 
Bat we have found it necessary to enophasize the extremely 
absbract character of physical knowledge, and the fact that 
Pbiyshes leaves open all edods of possibilities as to the inbiode 
character of the world to which its equations apphy. There ig 
nothing in physics to prove that the physical world is radically 
different in character from the imental world. 1 do opt oysalf 
behere that the philosophical argmments for the view that 
all reality moat be mental ae valid. But labo dood belicre 
that apy valid axruments against thie view are to be deed 
from physics, The only legitimate attitude about the physical 
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world gems ta be one Of complete agnosticiam as regurds al] 
but its mathematical properties, However, something can 
be done in the way of constructing posible physical worlds 
Which full the equations of physics aod yet resemble rather 
more clagely the world of perception than dos tha workd 
ordinarily presented in physics. Sich constructions have the 
merit of making the inference from perception to physics 
stn mote réliable, since they save os from the necessity of 
atsnming anylhing radically different irom what we know. 
From this point of view, they have a certain interest, and I 
shall partially develop them, at Jeast a9 regards space-time, 
in Fart IIT. But they must not be confounded with scientific 
lmowledge: they are hypotheses which may hereafter prove 
froittul, and which have already a certain imaginative +alpe, 
Hot they ate oot to be regarded as necessitated by any 
Tecopoized pruciple of aclentibe inference, 


PART [II 
THE STRUCTURE OF THE PHYSICAL WORLD 


CHAPTER XXVilI 
PARTICULARS AND EVENTS 


WE shall be concerned, in what follows, with the comatroct ion 
ef a map cf the physical woeld, in part move of kes con- 
jecturel, but dover in contradiction to the physical or episteme- 
logical remolts hitherto considered. We shall seek to constract 
a mphaphysic of matter which shall make the gulf between 
physics and perception a9 emall, and the inferences involved 
in the cansal theory of perception aa little dubings, as possible. 
We do not want the percent to appear mysteriously at che end 
af a causal chain composed of events of a totally diflereni 
Tatute; if we can comstroct a theory of the physical world 
which makey ita events continupys with perception, we have 
improved the metaphysical stator of phytice, even if we cannot 
prove mor than that our theory ia possitde. In what follows, 
some portions will be more conjectotal than others, but 7 shalt 
try to indicate, at ¢ach stage, whether I am advancing what 
T betiove to be a well-grounded inference by induction and 
analogy, of whether I am eencered only with an illostrative 
hypothesis designed to exhibit the possibilities that are com- 
patible with the abstract scientific knowledge to be dered 
from physics. 

We have found, hitherto, that what we know of the physical 
world falls into teo parts: on the one hand, the conerete but 
disjointed knowledge of percepta; on the other habd, the 
abstract but systematic knowledge of the physical world as 
a whole. Certain questions #s (0 structere are mnaweted by 
Pbyeics, while others are keft open. The questions which are 
deft open are of a sort of which some most ebways remain open 
—oamely, Ts any farther anabpois of the terms which are 
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ultimate far physics posible, and, if 90, what means exist of 
conjecturing ita nature? [on scimce, we have evidence of 
strocture down to a certain point, while beyond that pomt 
we beve fo evidkdoice. There tan fever be evidence that the 
point wt have reached is one beyond which thor is no stroc- 
tore—t.4. that we have arrived at mople units totalby devoid 
of parts; therefore analysis is eqqentially incapable of reaching 
a term den to be foal, even if it bas in fact reached o final 
ten. I think that, io the case of plysics, there is reason to 
think that its tems are not final, and that it is possible to 
suggest a further analysis which is at east ikaly to be true. 

When we wich to describe a stroctore, we have to do 50 by 
micas of tetiié aid relations. Jt may tuto out thet the tens 
themechtes have a sthrocturé, a4, #.7., in arithmeth, when 
cardinal intepers are dened as classes of simular clases. In 
the techoique of mathematical physics, there is a considerable 
apparatas which Belongs te the formal method, and would 
not be cegarded by most physicists as having any physical 
Teality. Such is the manifold of qpacetime points. Spare 
time is beki to represent a system of physical facts, but its 
mathematical points are generally comeeded to be fictions. 
Such a tate of affaics ls nositisiectory until we can say just 
what non-fictional assertion is implicit in 2 true proposition of 
Physics which technically uses " points.” | propose to deal 
with this problem in ithe next chapter. 

But what shall we gay of electrons} Are they physical 
realities, oF are they mathematical conveniences, Like points? 
Oy are they something intermediate between these two ex- 
tremes t We think of a light-ray a5 a series of events; 15 an 
clectran perhaps something stimilar? But the lght-ray also 
Taiees problema: it has = certain assigned mathematical 
wirocture, bot it is difBcult to say what we are to think of the 
mathensatical terms of this structure. Formerly, the com- 
ception of a transverse wave in the ether seemed falily clear: 
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the ether wes competed of particies, each of which could move 
in the required manner. But nowadays the ether ia grown 
insubatantial and incapable of “motion " in any straight- 
forward sense; certainly few people would venture to regard 
it as composed of point-particles, like the homogeneous fluid 
of a bydredynamical text-book. Thus the light-wave has 
become & structare in the ait, like « genealogical tree whose 
members ate all imaginary. This illustrates a necesiby in 
desctibing a structure: the terms are aa important aa the 
relations, and we cannot regt content with terme which we 
believe to be fictitious. It is the terms of the physical 
atruchire that will concern us in the present chapter. 

1 shall give the name ™ particolars “ to the ultimate terms 
ef the physical structure—altimatc, 1 mean, m relation to 
the whole of cur present knowkdge. A“ patticular," that 
is to any, will be something which is concermed in the physical 
work! merely through itt qualities of its télations te other 
things, never through its wn siricture, ifany. The difference 
between a tragsverse wave and a longitudinal wave i6 a 
difference of stracture; therefore neither can bea “ particglr ™ 
in the technical gense in which | mean it. An atom is a 
stroctore of electrons and protons; therefors an atom is pot 
a particular.” Bot when T call something 2 “ particoiar,"' 
I do not mean to assert that it cortaink bes no strocture: 
T assert only that nothing in the koeeto laws of its bebavioor 
and relations gives Us redeo to itfer a stroctute. From the 
standpoint of logic, = particular fulils the definition of " sub- 
stance ~ which we gave in Chapter XXIT, Et it fulfils this 
definition only m the existing state of loowledge; further 
discovering may require us to recognise structure within it, 
aod it will then cease to fulfil the defttition clanbstance. This 
Hots oot falsify former statements 09 to the structure of the 
work, in which the partitular in gicttion was taken a9 pm 
aitayreble; it merely addy new propositions, in which it is oo 
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longer wo treated. Atoms were formerly particulars: now they 
have ceaged to be 39. But that has not falsified the chemical 
propositime which can be eoonciated without taking account 
of their stroctore. The word " particnlar,’' as above defined, 
is, therefore, a word relative ta gr imowledge, not an absolute 
metaphysical term. 

Let os begin with a few general considerations as to our 
eneovledge of structure. Part of this knwledge is obtninable 
by analysis of percepts, patt depends upon inferences in- 
volving wnperceived erlities. I aholt call a celation *' per- 
ceived "oor “ perceptual "if the fact that chis relation folds 
between cerlain terma can be discovered by mere analysis of 
percepts. Thus before-and-after is a pererptual relation, 
when it occors between terms both of which belong to the 
specions present. Spatial relatvons within the visual field ate 
perceptual: so are those between simoltaneous tactual sensa- 
tions in different parts of the body. Tartnal sensations in the 
game part of the body, gay a finger-tip, may bave perceived 
relations, if both are within the specious present: these omst 
be important im the recogoition of shape by blind people. 
There are perceived relations between a percept abd o reco- 
lection, which Lead ws to refer the latter to the past. There 
are perceived ralations of comparisoa, which ray sometimes 
be rather complicated—og. “ The cesemblance of bhor and 
gfecn is greater than the resemblance of biee and yelkrw.” 
{Bere the blos and green and yellow ate supposed to be 
particulr given patches of colour.) There in also, I shonid 
Hy, a perceived relation of timultaneity, 3 do not suggest 
that the above list is complete, but it indicates the kinds of 
cases To Which relations can be perceived. 

There is » well-advertised type of difficulty io such cages 
an the analysis of = perceived mation. lf 1 move my hand 
pefore roy eyes from left to right, and attend ta the visual 
percept, it anemp qualitatively different from the successive 
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Petceptions of my hand in a oumber of different positions. 
On a watch, we can ‘gee’ the motion of the second hand, but 
not of the minnts hand. Thera isnmo doubt thet there is an 
oncurrence Which we naturally describe as the perception of o 
motion. We até aware of perceiving 2 procesa: ii I move 
my hand from Ieft to right, the impression is different from 
what it ig if [ move my band frota right to eft, and it is obvions 
to everyone that the difference ig in the “sense” of the 
Tontion. ‘We can, in fact, distinguish earlier and later parts 
of the motion, 60 that the motion does oot appear to be with- 
out strocture, But the parts of it seem to be other motions, 
which, presumably, must cach have its can structure. This 
leads to the notion of infinite divisibility, not based upon @ 
definable structure of indivisinks, but upon a process in which 
the parts are always composed of parts similar in structure 
ta themse)ves, and simple parts are nowhere altainable. The 
patadoxcs of motion, the antinomics, Bergsom’s objection to 
analysié, and the plulosophers’ insistence that the Cantorclan 
continu does net teselve thei cidiculties, are all derived 
from this one pugzle, that a motion seems to consist of motions 
—or, a3 Kant says, (hat a space consists of spaces, 

lt in important to clear up this problem of the analysis of 
the percept of motion, since it applies te ai] perception of 
change, and has been thought to constitute a Jiffieniry in the 
attempt to harmonise psychology and physits. To tegin 
with, comtinulty in the percept is oo evidence of contiogity in 
the physical protess; it is thay to produce «A staccato protege 
whith cawses @ continuous (or apparently continuous) percept 
—¥g-inthe cinema, Next, it ignoteworthy that, ia staccate 
physical process is gradmally accelerated, the percept will 
Tetain its staccato character longer if we are wide awake aod 
have acute senses than if we are aleepy or have fschle senses. 
Everybody tmows the experience of being awakened from a 
dose by & striking clock: at first, the mouse of the strike soem 
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Motiguows. [t is therefore a tebable hypothesis, HY desirabk 
ct other gromds, to maintain that all physical processes are 
staccato, and contionity in percepts is merely 3 case of vague- 
nest, in the sense of a many-one relation between stimulus 
and percept. [ato oot astertiog hich a view; ] am only paying 
that it Bts in with what we know of the relation between 
atimolng and percept in the case of swift processes. A fortiori, 
the mathematical contiomim, if it existed in the stimulus 
Process, would produce the pecceplswe call continues. There 
ig therefore nothing in our perception of process to make us 
feel that the mathematical analysis of continuity must be 
inadequate to physics, nor yet te show that 4 quantized time 
and space could oot prodoce the sott of percepts which we 
call *' secing a motion.’ All physical possibilities are Leit 
open, 39 far a3 he imuediate character of the percept is 
concerned 

The argument advanced by those who day stress upon the 
perceived character of perceptual contingity is, however, not 
as to the natore of the physical stimutos, bat as te the nature 
ad the percept. The continuity of the percept, they maintain, 
a6 quite obvinusly mot that of the mathematical continu, 
mor yet the deceptive appearance of continuity which woukl 
exist if the percept were a capi staccate process. In saying 
this, they seem to me to go beyoud what the evidence warrants. 
Consider a case which is analogous in some respects, bot tot 
in others—-tamely, the case of siightiy different sharks of 
colon. Support we have a series of coke, 48,0, 0, 
sock that each ja sensibly indistinguishabk from ite neighbour, 
tt not irom the rest. That istosay, we can ae po difference 
betreen A aid Foc between Bo and ¢, but we can se a 
diffrence betecto A and OC. We are then compelled to infer 
a didervence between 4 and 8 and between Band (, alihough 
We cannot perceive any differance, There ig no theoretical 
dificalty in such an inferetice, for, although 4 and 3 and € 
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are percepts, atid the difference between A and © is a percept, 
there is no reason why the differences between 4 and 3 and 
between GF and © should be percepts: the relations between 
percepts ate wotactiones percepts and sometimes not, Now, 
instead of different static shades of colour, Kt 03 suppose that 
we are Watching a chatieleon gradually changing. We may 
be quite onable to “ate '’ a process ol change, and yet able 
to iow that, after 2 time, & change hag taken place. This 
will ecour if, supposing 4 and # to be the shades at the be- 
Rinting and end of a specious present, 4 and 8 are indus 
tingishable, while 4 recollected is distinguishable from ¢ 
when © otcors, The supposition we have to make about a 
perceived motion is mot qoite analogoos to this, bot hes 
certain points itt commod wilh it. Suppote that we are per- 
ceiving 2 motion in acase where we kaow the physical stimuing 
to consist of a discrete series, agin the cinema. Let wo suppom 
that # of thege stimuli can be compriged within one speciona 
present, and that each produces an element in the percept. 
Then the percept at one instant congishs of «2 elements x), 2. 

1 2,. WHIM are arTanged in an order by the degree of fading. 
Let us soppoge that we cannot distmpuish x, from 4,, Not 
4, fom a,, bot that we can distinguish +, froma. In that 
nas our present percept will be indistinguishable from the 
percept of a contingoos motion, The percept will in fact 
contain farts that afte not processes, bot these paris will bc 
imperceptible, The analogy wath the case of the colours 
arises Ehrough the existence, in each case, of a series in which 
differences of neighbouring terme are imperceptibla while 
those cf distant tertus ere perceptible, Ad it clicits the im- 
portant principle that a percept may have parts which are pot 
percepts, #0 that the struchore of a perespt may be only dis- 
corerabk: by inference, Jt follows ale that we need ont 
euume anything mysterioua ahowt the Ene] of complarity 
belonging ta a percept of moting, byt my cegard its com- 
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plezity 2: of the same kiod as that belonging to the atimolus 
aconding to mathematical physica. 

i wish mow to conmlder the general question: hew cin we 
infer strictite whut it ia not perceived? The abows disc 
gipn of motion involved a particolar case of such inference, 
bet now J wish to consider the problem more generaliy. 

For reagons analorous to those which anise in atalysing 
motion, we are led to the view that all our percepts are com~ 
posed of imperceptible parle. We can, for instance, perceive 
a heap of fme powder, and remove the whole beap grain by 
grain, Where at each stage there in na perceptible difference. 
Our original percept may have had perceptible paris, but 
these were apparently always complex. it ig not stricthy 
NeCeHAry bo guppode the percepts complex; they might form « 
series of gradually varying quality. But we may say, in & 
sanga, that the difference of 4 and C faupposed perceptible) is 
compounded of the difference; between A and B, & and € 
(supposed impercnptibic), Thos we arrive at virtually the 
same result in ragard to quatitative didferences as we have 
otherwise in regard to anbstantial parts. AU euch argements 
Test ultimately opon the logical premiss that exact similarity 
is transitive, and the exopirical premiss that indistinguish- 
ability is mot tratsitive. These two together ace the scmree of 
fateh of cor inference at regards sttuttore. 

There ig, however, another source, devived from causal 
arromeols. Two indistinguishable percepts are ioond to be 
followed by different revulie., Inverting the maxim '' same 
cate, same effect,” we argue: '' Different effects, different 
causes.” Often the difference in the canses becomes perceptible 
Onder Hie microscope; bot we assame it in any case. It is 
this, more than anything else, that has Jed to the murotenest 
of the processes otferred by physics. There art mdtictabk 
differmoces in the effects [i tagea where we know that the 
difertnce if the chic, if any, dodat be very nal; we are 
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therefore compelled ta altiribute to the physical workl a 
Hructure which is very fine-grained relatively to perceptiog. 

it is neceamary to consider the very maul form of analysis 
into divetsity of *' substance," because, for reasons already 
given, we cannot regard this form of analysis as ultimate. 
Let wa take the mest elonentary of stientific examples: the 
analysig of water into hydrogen and oxygen. ‘We recogmize 
water by a group af characteristic percepts and processes; by 
another group we recognize hydrogen, and by yet another 
onyemn. We find that we can—ey. by electrolysia—prodnce 
hydrogen and oxygen where [ormerly there wag water; we 
find that the masses of the two bear a fixed proportion to aach 
other, acd add op to the mass of the previons water: we find 
forther that, if we jet them come together, water reappeara, 
equal in aineunt to what was lost by electrolysis. Soch facts 
are Interpreted in science by means of the postulate that matter 
iq indestractible, Li we accept this postulate, the facts prove 
that water consists of hydrogen and oxygen. Exactly similar 
arguments ead ws on from atoms to electrons and protons, 
whee, for the present, the process of substantial analysig 
Crate. 

Without questioning the comventence of sobstantial analysis, 
it tay be asked whether it is metaphysically accurate, and 
even whether, at the stage we have reached, it is adequate 
to all the needs of physics. We must oon examine the argu- 
mente on this question. 

AS ragurds adequacy for phyaics: we have already [in 
Chapter FY.) given a brief account of Heisemberg's theory, 
Which, m effect, resolves the electrog into # series of raciatons. 
We have ely seem that electrons and protqms are not now 
apposed) to be strictly indestructible, but acm thonght by 
tmoany to be capable of annihilating each other. Thus the 
indeshroctibility of matter is oo longer accepted as 4 unrversal 
law of the physical workd. “Wuth this goes the Tact that proper 


why PARTICULARS ANT EVENTS 


maés is not gopponed te be exactly conserved, and that relative 
mast has been absorbed into energy. Mass was suppered to 
be “ quantity of matter.” This certainly could not be said 
of celative mass, which depends upon the choice of ames and 
beats also to light-wares. And if it be said af proper mass, 
We Dest conclude that the “ quantity of matter “ ix not quite 
constant, On all these grounds, persistent wots of matter, 
though aiill convenient, heave no longer the metaphysical 
status that they were formerly supposed ta have, 

This conchision ia ramforced by argmments of economy. 
We perceive sveots, not substances; that in to gay, what we 
Perceive occupies a volmme of space-time which is amall in all 
foor dimensions, not indefinitely cxtented m one dimeasion 
{time}. Aod what we can primatily infer from percepts, 
adtutiing the validity of phytks, are groups of events, again 
HOE substances. Ft is a mere linguistic convenience to repard 
@ group of events 29 states of a thing,” or " substance,” or 
“ piece of matter.” This inference was origmalh made on the 
ground of the logic which philosophers wherited from commen 
sense, But the logic was faulty, and the inference is on 
ascessary. By defmiog 2 “thing” as the proup eof what 
would formerly have been its “ states,” we alter nothing in 
the detail of physics, and avoid an inference a3 precariogs a3 
it is aelega. 

What, then, shall we say about the analysis of water into 
bydrogen and oxygen? We shall say something oi this sort: 
Water has, for commen senec, @ certain acooont of permncooe: 
althbemgh puvdciles dry up, the sea is always there. This 
permanence, interpreted withent the use of *' substance,” 
Tnaans ett intinsic cadeal Liwe: the behaviour of the sea 
tan, to 6 conniderabl: extent, be diacoverad by observing ooh 
the sea, without taking account of other things. Similarity 
on. different occuncnd Lt the toott obyviows of these approciinate 
canal low, «6Bot wetter can change into ice or mow oF pear: 
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here we can observe tha gradpa! transformation, amd continuity 
takes the place of likeness for common sens. In all changes, 
we find, on examination, that thers is some continuity Khe 
that between water and icc; wt thot trace a cael chain, 
more or less separable from other canta] chabr, and having 
anoagh intrinsic unity to be regarded as soccemive states of 
ont “sobatance.” When we throw over "substance," we 
presetve the causal cham, substitotmg the unity of a comal 
process for material identity. Thus the persistence of sub- 
Hanct le replaced by the persistence of causal laws, which 
was, in Jact, the criterion by which the yuppesed material 
identify was reccymized, We thus preserve everything that 
there was reggon to suppose trun, aod rejert only a piece of 
oofruitiy! metaphysics, 

The analygis of water into hydrogen and oxypen represents, 
therefore, the analysia of one approximate cacsal law to two 
more nearly ancurate causal laws. [f you infer that where 
there was water yesterday thert is water to-day, you are 
amnloving a camel law which is not always comect. Ti you 
infer that where there was hydrogen and oxygen there is 
hydrogen and oxygen for at least that there is hydrogen and 
oxygen in places contected by a continues route with where 
they were yesterday}, you are very unlikely ta be erong, 
ooless the place ig in the neighbourhoad of Sir Ermest Ruther- 
ford) = [it is assamed (what is only partially troe at present) 
that the properties: of water can be mferred from thote af 
oxygen and bydrogen together with the manner in which 
they are combioed in the molecdles of water. Thos by meang 
of analysis you have obtained causal laws which are at once 
mere true and more powerful than those which common gente 
etukd obtain by supposing that all the parte of water were 
water. 

We may vay that this ip the characteristic merit of analysis 
an practised in pone: it emabkes us to arrive at a strocture 
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noch that the properties of the complex can be inferred trom 
thoes of the parts. And it enables ps te arrive at laws which 
are periment, oof mesh temporary and apfroinate. 
This 1¢ an ideal, only partialiy verified as yet; but the degree 
of verification is abondantly scficient to justify science mm 
consbrocting the world out of minute ans. 

From what hes been sid about anbetance, [ draw the coo- 
clusion that acience ia concemed with groups of “ mvents," 
rather than with “things” that have changing “ states.” 
This 13 algo the nataral conclusion to draw from the subgtita- 
tion of spacetime for space and time. The ok] notion of 
substance hac a certain appropriateness so long as we could 
bebeve io one cosmic time aod oor cosmic spect: but it does 
not Ot in fo easily when we adopt the four-dimensional space 
tint framewotk,. [ shall therefore assume benecfonth that 
the physical world is to be conatrocted out of "events," by 
whith I mean practically, a3 abeady explained, entities of 
stroctares occupying a region of space-time which is qmall 
ion all four dimensions. "Events" may have a stricture, 
bot it is convenient to we the ward “event,” in the atrict 
sense, to mean something which, if it has = stroctupe, has 
GO spacetime siraictore, ia. it does not have part. which 
are external to each other in space-tioe. IT de mot assume 
that an event can ever occupy onby a point of space-time; 
the construction of "points out of finitely extended 
ewenta will form the subject of the next chapter, Nor do 
C aan 6 mation to the duration of an event, though J 
bok’ that any event, io the broad aenae, which lasts for more 
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than about a second can, if itis a percept, be anmhyeed into a 
structere of events. But this ls a merely empirical fact. 
There are certain purely Ingical principles which are nseful 
10 fear to structors. When we art dealing with inferred 
Entities, a2 to which, as explained in Part IJ., we know 
eothing beyond strocturt, we may be said to know the equa- 
tions, bot not what they mean: so long a they kad to the same 
results as regards percepts, all interpretations are equally 
legitimate. Let us take an example, Suppose we have 2 eet 
af propositions about an electron which we will call FE, Accord- 
ing te tha sobject-predicate logic, and according to the view 
that matter ig a sobstance, there ig.a certain entity E which is 
mentioned in all statements about this electron. According 
to the view wiluch resolves an electron unto « séries of events, 
the propecitions in question will be dwereoth analyzed. 
ACTIming @ cectain schematic simplicity, we might set the 
matter cot 6 follows: there is a certaln relation Ko which 
semctimes holds bebreen events, and when it bolde between 
sand 7, x and ¢ ate said to be events in the biography of the 
sao clectroo. If x belongs to the field of FR, “ the electron 
to which « belongs * will mean the relation R with its Geld 
limited to terms belonging to the A-Gumily of +; and the R- 
family of * consists of 4 together with the terms which have 
the relation # to + and the terns to which x has the relation #. 
“ This electron” will mean " the electron ta which this belongs.” 
“An electron ’’ wil mean “# series sich that there 15 an £ 
such that the series ig the electron to which » belongs.’ In 
order ta mention ste particular electron, we most be ab to 
mention some ¢vent commected with it, ag. the scintillation 
when it Hils a certain screen, Thue, instead of saying “ the 
event 2 happimed to the aloctron FE" we shall say ™ the event 
z happened to the elecinan te which x happened,” of, more 
orply, “ # belougs to the H-iamily of #." The formal proper- 
ties of the propositional function "« belongs to the H-family 


a08 PARTICULARS ANT EVENTS 


Of e" (2 being constant) are the same a4 thor of 2 belongs 
to ths dlecton EF." Tf we want any two electrons to be 
motualiy exchosive, in the sense that no event can happen ta 
beth, we can insore it by sasuming that if = has the relation 
& for the converse relation) to both y and 3, then + belongs 
to the K-family of 7. Tf we da not want this, we do oct make 
this agammption zbogt 2, It is because of the identity in 
forma) properties that the por propositional function can be 
bubstituted for the other. ‘Whenever wt suggest & Dew view 
as to stroctore, we barn to make sore that it docs not bib 
any of the old Jormake, though it may give them a new inter- 
Pretaion. 

Another illustration, mare purely logical, may be usoful. 
Tt seems natural to say that any given shade of colour is 
quality, ie. that when we say “this is red," we art saying 
that "this" bas a charecterittic which we cannot expres 
othereist than by a predkate—asertning, for the moment, 
that red" stands for just one shade of colour. But although 
this say be the right view, there ono logical necessity for 
Mippoting that it 3, We might define ane shade of colour a9 
*" all the coloured surlaces which have exact colour-gimilayity 
to @ given sorfacs.” Thus" this bas dhe cglowr C "is replaced 
be “this is one of the class of entities that have cxact 
colomrtonilarity with x"; and 'C is a eolouwr™ will be re- 
placed by “0 is the claxs of all entities having exact colour- 
Kimilarity with Wgiven entity.’ In chis cage, a0 facts can be 
conceived which would give reason for preforring one form 
of statement to the other, sco any adcertambbk fact con be 
interpreted equally well on nither theory. 

We have, in tact, something more or leas mnalagous to the 
arbitrariness of co-ordinates in the geueral theory of relativity. 
Provided cur symbols have the game interpretation when they 
apply to percepts, their interpretation elewhere in arbitrary, 
gnce, 0 long as the formnle remaim the sane, the sirwctwre 
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asserted is the same whatever interpretation we give, Strac- 
ture, ard nothing alse, is just what is asserted by formmls in 
which the meating of the terms is unkoowno, but the purely 
logical symbols have definite meanings (see Chapter XVII). 
Even the purely logical symbols ae arbitrary to a certain 
limited ewlent, as we saw in the above example of colour, 
But offen, when facts from different regions Dave to be beonght 
into connection, one interpretation is much simpler than 
atother, Often, also, one interpretation inwolvts less mference 
than another, aod te thercfore kes likely te be wrong, These 
are He main matives governing any cuggested interpretation 
0! the eayabols which occor in mathematica] physics. 


CHAPTER XXVIII 
THE CONSTEUCTION OF POLNTS* 


Tae subject of thiy chapter is ona which has been treated with 
wonderful ingenuity by Dr Whitehead, to whom is due the 
whole conception of a method which arrives at " points as 
systems of fmiu¢ly-cxteotked events. In advocating this 
method, rt ig not necessary to maintain that mathematical 
points are senporidte aa simple entities (or ™ particuiars ''}; wl 
that it is necessary to maintain is that we haye no good ground 
for regarding them a3 such. What we now about points is 
that they ate weefo! techorally—2o oseful that we oost scek 
an fmterpretation of the propositions in which, symbolically, 
they cocur, Hout there is no ground for denymg gtrocture to 
@ point: on the contrary, there ares two grounds ior assigning 
structure tog paint. Ome is the familiar argument of Gecam's 
Taz: We can make structure; having the toathematical 
Properties of pennts, and to suppose that there are points in 
any other sense is an inference which ia oseles9 to science and 
not warrantied by any principle, logical or scientific, The 
ther anrument is tach more difficult to state, but the toore 
ome studicé logical construction the more weight one feels 
inghned to attach to it. Tt rests open a maxim which might 
be enunciated as a sxpplament to Occam's rator: " What is 
logically convenient in likely to be artificlal” To me per- 
aonally, the first exampk of this maxim was the definition 
of real nombers, Mathematicians found it convenient to 
support that all series of rationals have Limits, while osver- 
= ie this ¢ a eed the mers, 7 ome winch, to the exitichen pod 
ere Me aa Renmin of St, Jebus Cate Comte 
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theles some do not have rational limite. They thernfore 
postalated intational limits, supposed te be homogenctons with 
the mtionals, Although the method of Dedekind cuts wat 
familiar, nobody thought of saying: An irrational iz 2 Dedekind 
cut, of at least its mierer portion. Yat this definition sebves 
all difficulties, We have pow first ratios [which cannot be 
irrational), then segments of the seties of ration. Segments 
which have a limit are rational, segments which have op limit 
are irrational. The square root of 2 is the class of ratiog 
whose aquare ic less than 2. Segouents of the scrics of ratios 
ae “real cuitmbers "; the series of real ntombers bas both 
Dedelkindian and Cantorian contingiby. Thos it 14 imathe- 
matically convenient; bot its logical atructare is more complex 
than that of the serie) of ratios. The logical analysis of 
mathematics aflords many examples of this procedars, such 
as the construction of " ideal " points, ines, end plancs alluded 
to in Chapter 2X. 

It wifi be seen that the phrase “ what is logically convenient 
is artificial “ doet got express what i6 meant with a3 much 
Precision as is to be desired, What we mean is this: Given 
4 bat of term having properties which saegesf certain gemezel 
mathematical (or lagical) properties, but are subject te etecp- 
Hone in regard to these properties, it is a mistake to postulate 
ether terms, logically homogenous with the origmal sat, and 
gach a5 to remove the exceptions; the proper procedare is to 
oak: for logical structures composed cf ths original terms, 
and soch that these structures always have the mathematical 
Properties in question, Tt will be found that, where the 
awumption of sock properties hes proved fruitial, thig pro- 

Starting from cVents, thots are many wmiys of reaching 
points. Que is the method adopted by Dr Whitehead, in 
which we consider '' atclosore-series.” Speaking roughly, we 
may sey that this method detines a point a3 all the volumes 
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which contain ths point. (The aiceties of the method mre 
requined te prevent this definition from bemg circular; alsa 
ta distingwish & set of volumes having only pomt in common 
from sech as have @ line or surfact in comonoo.) As @ pitce 
of Jogic, this method is foullkes. But as a tethod which aims 
at starting with the actual constituents of the world it seems 
to me to have certain defects. [hn Whitehead assumes that 
every ovent encloses and is enclosed by other events. There 
is, therefore, for him, no keer limit of minimum, and net upper 
limit oF maxim, to the size of events. Each of these 
atsumiptions demmnds consideration, 

Let us begin with the absence of a lower limit oc minimon. 
Here we are confronted with a question of fact, which migot 
conceivably be decided against Dr Whitehead, but could aot 
coueeivably be decided in bia favour. The cvents which we 
can perceive all have a certain duration, ic. they art simul- 
taneous with events which are not simultaneous wilh sach 
other. Wot only are they all, in thig sense, finite, bot they 
are all above an assignable timit. [ 40 not know what is the 
shortest perceptible eveok, boat this is the sort of questim 
which 4 psychological laboratory could answer. We have 
mot, therfore, direct ¢mopincal evidence that there is oo mini- 
mm toerentis. Nor can we bave indirest empirical evidence, 
ince a process Which proceeds by very small fnite differences 
ip sensibly imdigtinguishable from 2 continddrs procees, as the 
cinema shows. Per contra, there might be empirical evidence, 
asm the guantom theory, that events could not have lew 
than @ certain minimom ppatio-tempornl extent. Dr White- 
head's asommption, therefore, seems rash, At the sicor time, 
there is a confusion to be avoided: spacetime may be con- 
tinucus éewnt if ther in a lower mit te events. Suppoat 
every elementary event Aled @ four-dimensional cobe, eg. & 
cubic centimetre lasting for the He that light takes to travel 
2 centimetre; and puppese, converacly, that every such four- 
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dimensional cobe waa occupied by an event. The space-tome 
of such a world would be continuons, grvet suitable aie, 
although events had a minimem. And, conversely, the 
absence of a omuotimum te ¢vents does pot insure spatio 
tamporal continuity. The two questions are thes wholly 
distioct, 

T conclode that thera is at present oo means of owng 
Whether events have a mingoum or not; that there never can 
be conclusive cvidence against then having a minimrom: but 
that conceivably evidence may hereafter be found in favour 
of a minimom. It remains to coosider the questim of a 
fhaLxitnium. 

On the question of a maximum to event, the atpuments are 
rather logical than empirical. [no a certain sens, any serie 
of events may be called one event; the Batth of Waterioo, 
for instance, May Count as a single occurrence. But in a 
complex event of this sort, there ara parts which have qpatic- 
temporal and causal relations to each other; no single entity 
devoid uf physical structure persists throughout the whole 
petiod. I mean by this that anything simultancow with 
everything that happened during the Baltk of Waterloo is 
a coroplex of parts not all simultaneous with each otber. 
‘Whether we are to call soch a complex an “event” or ont is 
merely a question of words. But if our object is to exhibit 
the structure of the physical workd, it i4 clear that we most 
distinguish objects having physical structure from such es are 
only compement pacts of such stroctures. It is therefore 
convenient to have a wood for the latter, The word I shall 
vse ig “event.” But 7 shal mot go so for as to say that an 
“event must have #0 structure. I shall asrame only that 
any steuctore which it may have ia irrelevant both to phynice 
and to paychology: in other wards, that its parts, if aoy, do 
tat have scientifically distinguishable relations to other objects. 
When the word “event “is wed in this sense, it 5 plain that, 
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so far 38 pur experience goes, mo event laste Jor more than 
edew sconda at most. «There is a0 a prior’ reason why this 
shook! be the case; itis erly an empirical fact. But I think 
b phraseology which obscures it can only lead to confusion. 

For the above reasons, ] am unable to accept Dr ‘White 
head's construction of points by maeang of enciosure-series 249 
an adequate solution of the problem which it is designed to 
sodvn. This problem is: to discover structures having certain 
geometrical properties, and composed cof the raw material of 
the physical world. 

There is another method, which may be called that of 
“partial overlapping.” In my Asgwladge of the External 
World, I applied this method to the defnition of instants, 
It is easy to see that it is adequate for this purpose in psy- 
chology, where we have a one-dimensional tGime-order which 
remains definita in sptte of relativity, But in phynins it is 
the “ potat-meétant “ that has to be defined, ta. a completely 
definite position in space-time, not merely in space or merely 
in Fim, «Here the method is only applicable with suitable 
modifications. However, the method must fret be exphained 
as applied to the one-dimensional psychological time-series. 

We assume that two events may have a relation which | 
will call " compresence,' which means, praclically, that they 
overlap in spacetime, ‘Take, for instance, notes played by 
diferent ingtroments in orchesiral music: if one iy beard 
beginning before the ather hay ceased ta be heard, the auditory 
porcepts of the hearer have “comprasance.” Tf a group of 
erenis mm one biography are all compregent with each other, 
Ehere will be some place in space-time which is occopied by 
all of them. This place wil) be 4 “ point “if there is no event 
coke the group which is compresent with all of them. We 
may therefore define a“ point-instant,” or simply a " point," 
mone biggraphy, a5 4 group of events having the following 
two properties: 


THE CONSTRUCTION OF POINTS 295 


(=) Any two members of the group are compresent; 

(2) No event outside the group is compresent with every 

number of the group. 

When we puss beyond one dimension, this method in 10 
longer applicable. Take, for cxample, the three circles in the 
accompanying figure: #ech overlaps 
with the other tro, bot there is no 
Tek commog te all three, If we 
try to remedy this (as 1 believe we 
can) by starting, in two dimensions, 
with 4 relation of three events, which 
is to held wheo all three bove a 
Tego im Common, We ane 3till moet 
by difficotties, The thre circks a, 6, ¢ have a itegion im 
commen, and the shaded ares @ hes a region in common 
with a and 6, aleo with a and ¢, and also with 6 and «, yet 
a, 6, ¢ and @ have no region in common. Therefor if 
events may have queer shapes such a5 2, oor new lhree- 
term relation will still not enable 
8 to define a“ point.” 

Since the probkm with which 
We ate comcermed belongs to 
analysis site, in Which we are 
occupied only mith such pro- 
perties of Ggures a6 are unaffected 
by continuous defermation, we 
cannot simply declare in advance that no events are to 
have odd shapes. Bat before attempting to deal with this 
difficalty, it will be ag well to comaider certain points in amalpsis 
fii, which will show 09 what are the requisites of 2 sohitien 
of oor problem Ip amaiysis site: we start with bro con- 
ceptions, that of a point, and that of “ neighbourhoods of 4 
given point "—the latter being collections of points. Certain 
definitions cbtamed in this way will be usefol,. 





+96 THE CONSTRUCTION OF POLNTS 


The following definitions are due to Leopold Vietoris." 
lf M is a set of pednts, a point p is called a  Hiufinge 
punke " of Af if in every neighbourhood of # thar is a point 
other thay #. 
Twa collections of points‘ touch " cach other in a point $ 
Hf > belongs te one collection and is a “ Hiuiungspunkt of 
the other. 
Aget of points M is“ continuegs from 2 to § “if it contains 
cand &, and any two parts of it whose som ig MW, of which onc 
contains ¢ aod the other 4, touch cach other (in at hast one 
point). 
A set ot points Misa " Linienstick “ from a tod Wii, but 
time of its proper parts, is continuous from « to B. 
Hensdorif{ has defined a " matrical*' spane and a “ topo 
logical space in the following terms. 
A" metrical" space is a toanifeld such that with any bre 
points #, 9 is associated a peal not-negative pumbor xy 
having the following three properties: (a) ys= xy, (6) 2p is only 
ara wheto x and y are identical: [c) ey tye is grcater than or 
equal to a.t 
A” topological" space it 4 manifold whose clements = afte 
associated with aub-clagges Of, of the manifold auch that: 
fA) To every * corresponds at leaat one U,, and every U, 
contains x; 

(B} tf G, ¥, are both neighbourhoods of x, thers is a 
neighbourhood of +, ay Fil. which ié oomtaimed in 
the common part of [, and F,; 

(C) Iby is a member of U,, there is a neighbourhood of y 

which is contained in £,; 

(D>) Given any two distinct paints, there is a nelghbourheed 

of the one and there in a neighbourhood of the othet 
Fuch that the two hava no common point§ 
* Sigs Adcagen, slonatahatis fOr Mathematic o, Phyk., x1, 
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Tn order to be abla to apply the aswal methods of limits tea 
topological space, Hausdorff has need of at “ Abs4hibarkeits- 
axiom," or denumerativegxiom.” He gives bro spch axioms 
ip. 963}, of which the first is thea weaker, and is for some 
purposes insufficient. The frst states that the mumber of 
neighbourhoods of a given pomit is never greater than #,; 
the second states that the total number of neighbourhoods of 
all points is together x, This second axiom eofficas for all 
the wsoal kinds of argument, without the intolaction of any 
Mectrical ides. 

FP. Unsoln* has shown that every topological space which 
satisfies Hausdori’s second denumerative axiom and haa one 
fortber property [which he calls "nermality "f) is metri- 
tizabk. 

These ate the main points from awafysis sifu; that are 
televant to the slution of our problem, 

For the preent, we are not concerned with metrical pre 
perties, but only with such as belong tu“ topological " spaces. 
Tn virtue of Chrysohn's theorem, it will be possible te introduce 
@ metric if wa can constroct the right sort of tepolagical space, 
But when one metric is possible, an infmite number are porsible. 
The metric which is actually introduced in theory of relativity 
is introduced for empincal reasons: it wes a quantitative 
relation whith might be called degree of causal proximity. 
The existence of this relation is not implied hy anythmg with 
which we are al present contemed. Moreover, the toettical 
manifd which we require in physics is not a “ metrical 
apace" according to Haosderff's definition grven above, since 
interval in relativity docs not possces the properties (4) and {2} 
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which distance powseages in Hacederii’s definition. However, 
90 far as topological considerations mre conctmed, we may, 
without appreciable inaccuracy, avsign to small regions the 
topolegical properties which belong to a small region of 
Buckdean space lasting for a shoct time, f.«. to a continooos 
atries of amall regitms of Euclidean space all geometrically 
indixtingmishable, 

In enalyeis eiws, both points and neighbourhoods are given. 
We, ou the other fand, wish to define cor points in terms of 
“events,” where “events “ will have @ one-one correspondsnce 
With certain atighbourboods, We wank our "events" te conre- 
spand with n¢ivhbourbood: which an above a certain mmimim 
and below a certain mainnit when, at @ later stage, the 
empirical metric is introduced. We have to agsign to our 
events soch properties ag will enable us ty deime the paints of 
& topological space 05 classes of events, and the neighborhoods 
of the points as classes of pomis. But we have to remember 
that we do not wank to construct merely 2 topological space: 
what we waol to congtract is the four-dimensional space-time 
of the gensral theory of relativity. 

The following itystration will serve ta introduce the problem. 
Consider a three-dimensional Euclidean numerical space, ie. 
the muanafeld of all ordered triads of real oomber: [x,-7, a), with 
the qacal definition of distance. Comsider. in this space, all 
the spheres having = given radivé and having centres wilose 
co-ordinates are rational, The number of such spheres in x,. 
Let us defines a group of these spheres aa“ co-punctaal '' if it 
is such that every four chosen owt of the proup bave a common 
région; and ist o9 daime a o-punctual group as “ punctnoal " 
if it cannot be enlarged without ceasing ta be co-ponctual. 
Then there if @ oot-o08 conmespondence between the orizinal 
Points of our space aod the ponctual groups of spheres. Con: 
sequently the punctual groups of spheres form a Eoclidean 
space, Tf the spheres are all distorted in any conkinncws Way, 
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fhey will still enable os to construct pomctual gromps in the 
fame wiy, and the muauuich of puacteal groupe will stil have 
all the topological properties which are possessed by a three- 
dimensional Euclidean space. Therefore if we are to use this 
method of constructing pots cut of “ events,” we shall have 
to agmume that, in the resulting space, there is a possible 
Toetric according to which the points of which a given event is 
a member always form a spherical volume. Although this is 
expressed bt toetrical language, it is in realty a topological 
property, aince it ig unaffected by continuoos deformation. 
[t monst be possible to express it in noc-metrical language, 
thongh T mmst confess that I lack the necessary skill. 

I propose, therefor, to ragerd events a8 occupying regions 
of space-time which, in somes posible metric, are spheres so 
far as ther space-dimensions are centeroed, and between 2 
ftMtain maximom and 4 certain minimom so far as their 
timedimension is concermed. The region “occopied " by 
an even ig the class of points of which it is a member, 

As the fundamental relation in the constraction of points, 
We take a five-tecm relation of “ co-puncinality,'' which, hols 
between five events when there ig a regino common to all of 
them. A group of five or mort events t6 called " oo-punctual” 
when every quintet chosen out of the group has the relation 
of co punctnality. 

A‘ point "isa co-panctual group which cannot be enlarged 
without ceasing to be coqmetual, 

In oder to demonstrate the existence of poinis so defined, 
it 39 sogicient to assume thet all events for at lenot all events 
eo-punctal with a given co-pumctual quintet] can be well 
ornjered. If Zenmelo's axiom is boos, this most be the cose; if 
not, it may involys some limitation as to the nomber of 
events. © have beeo ded by the arguments, fot of Dr H. M- 
Sheltie, and then of Mr F. P. Ramsey, to the view that Zer- 
melo's axiom is toe: I am therefore bat reluctant than I 
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should bave been formerly to assuot that events can be well 
ordered. 

To prows that every event ig a member of at least one point, 
We proceed as iollows—agniming that there gre co ponctual 
quintets. 

Let P be a well-ordered series whese field consists of all 
events: put 
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Let 2, 6,2, 4.39) 64 eo pereiual quintet, Wy, is the only 
event oepunctual with a, 6, ¢, a, theo the class whose only 
Tem berg are 2, 6, ¢, d, ¥) ig a point according to the definition. 
TE. on the other hand, there aye 2's other than y», which are 
eo ponctoal with a, 4, ¢, d, 7, let y, be the first ofthem. Itno 
= other than +, and 4,15 co-punctual with #2, 4, ¢, 2, 44 and 44, 
then 2, b,c, 2, ¥, and 4, form 4 point. Otherwise, let », be the 
frst 3 othor thao y, and +, and co punctual with #, 6,0, 4.4n Fe: 
then 7, must be later in the P-serics than yy. Ii this process 
comes to an cod with 4, then. 2c. ee Hy together 
form 4 paint, If it doea not come to an end with any finite 
4, it may happen that po # outside the series (1. 4.5 - ye ef 
id co-ponetual with a, ,¢,d and all the y's; in that case, 7, 6,0, 2 
and these 4's form a point. But if there are z's otter than 
the 44 and co-punctual with all of them, Ist +, be the brat of 
them. Then y, is later in the P-aerict than any of the finite 
ys. We proceed in tis way as long at powibk, using two 
proeciples: (2) given m sericea Of 4's codmg with 4 let sa 
be the first + in the P-series after y, and co-panctual with the 
group of all thea previous y's; (a) given o series of 4's having 
10 last tec, take as the next + tie fret sin the F-series which 
is after all the y's hitherto selected and co-punctual with all 
ofthem. WU, at airy stage, there is no auch 4, the y's already 
stlected form a point. Now this process must end sooner or 
later: for the y's [other than »,) fon an ascending series 
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selected from PF, and therefore, sooner or later, there will be no 
a'a later than ali the y's previously selected. Ai this stage, 
zt not before, #, 4 ¢, #@ and the y's already solected will form 
a pomt, Hence if all events can be well ondtred, every event 
is & member of at least one point, provided every event is a 
mamber of a co-punctnal qumtct. The proof still holds if we 
gay ateume that all events co ponectual with a given quintet 
ein be well ordered, 

Given any class of events a, Jet Rfa} be the class of those 
events which are co-pomctual with a Then by defmition a 
ia pint ifoe Rio}. The necessary and sufficient condition 
that all the membert of a should have a paint in common iF 
that a should be contained in Rfe). This condition iy neces 
gary, Tor, 10213 @ point and a if contained in 4, it follows that 
Rid) is contained in Ria), and that d= Aid), a that 2 is 
contained in Aa). The proot that the condition is sufficient 
is donger; it is as follows. 

If c= Ria], ais a point. If not, let Sto) denote the part 
of X[c} which is outside c Using again the P-eries of ail 
events, put 


#,— the frst mecober of S[e) in the P-order. 
(y= together with 3. 

Fo the frst member of S(t.) in the Ponder. 
i tL together with ry 

fama together with all the Gite 2's, 

E=the first member of Sit.) in the P-order, 


aid 9c an, as long as posable. Ti por, 5, precedes % in the 
P-order. Henoé, ss before, there must cotit a stage when 
no fresh 2's can be constructed. Ti ¢ is the class consisting 
ed a together with all the g's yielded by the method, ( is a 
Paint. For (1) all the quintets in ¢ are co-punctual, by the 
eangtruction; (2) & tamm copunctoal with all the quartets 01 
f cannot be Later than all the ¢'s, because if there were such 
@ term we could constrict move z's; (3) such a term cannot be 
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earlier than some member of ¢ because, if it were, it woakl 
have been chosen as the 2 of that stage in the constrocticn: 
henge of evetit ootsidet iseo-punctnal with every quartet of £. 
Henes fis 8 point. 

To sy that a collection of events have a pomt in commen 
i to say that the collection is part far the whole) of the clase 
which is the point. Conversely, a collection of events may 
contain a sub-class which ie a point: the necemary and eufficient 
condition for this is that Ajo} thoold be contained in a, where 
ais the collection in question. The proof procetds exactiy a4 
before, if we now make S(o) mean the part of a which is oot 
contained in Aja}. 

A gronp of eveqié cis“ o-epunchosl if a is contained in 
Ria), ands“ point "ise co pooctual group wick cannct be 
enlarged witkoot ceasing to be co ponctyal 

A few pureh logical propertics of points mey be noted. 
Given any two classes a and ¢, if ais contained in #, then Rif} 
i¢ contained in Ajet, Hence if a and # mre points and ¢ is 
contained 10 ff, aod § are identical: for wo that case AUG) and 
Ria} are respectrvely identical with # and a, and therefore 
if eis contained in f, fis contained in a, so that ¢ and f are 
entical 

Every co-punciual gromp af events contains at least one 
point, This has already been proved, since te say that c ia 
co-ponctual group is to say that «is contained in Fife). 

Tt may be taken that, in general, there are a nomber of 
poinis of which aay given event it a member. Such w set of 
peinte will fla “tegion,” but not every region will be the 
eet of points te which some ome event belongs. This topic, 
however, cannot be dealt with uotil we have discussed space- 
time onder. 


CHAPTER XXIX 
SPACE-TIME ORDER 


In the prevent chapter I shall show how to develop apatio 
temporal order, in the sense in which it ig aammed by the 
geteral theory of relativity, without any apparatas beyond 
that of the preceding chapter, except a few hypotheses of the 
sect to be expected in jounding analysis nites. 

The Gansiommations of coordinates which are adtoissible m 
tensor analysis ara net unlimited; they are such, only, oF 
leave relations of setgAdoarkood unchanged.* That is to sy, 
a smal] displacement in one syatem of co-ordinate: ont 
carmspond to a sinall displacement m any other. This 
requires that, independently of metnca! considerations, the 
events of the space-time manifold should have certain relations 
af order. it most be possible, in certain circumstances, to 
say that 4 9 nearer to @ than to ©, Without presupposing 
any quantitative measore of distance. Tt must be possible 
ta construct lines along which ther is 5 deiimite order, bat it 
most be inpposaible te dintingnish certain lines ag “straight.” 
A dosed curve will be distinguishable irom an open corre, but 
two open curves Will not be distinguishabk: from seach other, 
provided they have ne singularities, Generally, we shall be 
able to make propositions belonging to analynis shes, al any 
Tate in a sufficiemily stnall region. Bat propositions about 2 
configuration must, in the geametry we are to construct, be 
only such a4 wenld remain true if the configuration were 
gubjected te any kind of deformation which des not vickate 
continuity. Tt is this pre-co-ondinate geninetry that concemes 
oa in the oresent chapter. 
apie Magne tap, eh, ae 

34 
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The otder to be introduced is of two sorts, macroscopic aod 
micmecopic, We will treat first of the former. 

Let us observe, Lo begin with, that events may be divided 
into fone with respect to a piven event, There are orst 
thom that are campresent with a given event, then thee not 
campresent with it, but compresent with an erect compresent 
with it, and saan. The ath cone will consist of events that 
can be reached in# steps, bot notina-1, 4" step being taken 
a5 the pases from an event te another which is compresent 
with it. We will call tee ponte “ conpected ” when there 
is an event which is a member of both, The passage item 
event to event by the relation of compresence may be replaced 
by the passage from pom to point by the relation of connection. 
Thos pomts aiso can be collected into zones. [i there is a 
minimum to the site af events, we may assume that it 35 
always posuble to past from one event to another by @ finite 
number of “steps. Tf so, there must be a smaliest number 
of steps in which the passage can be toade; thos every event 
will belong to some definite zone wilh respect to a piven event. 
This ws wintul in the introduction of order, because We Gan apres 
that the wth zone i9 to be mearer the origin than the #1b if 
mea, 30 that it only remains to introduce onder among the 
metabers of a given game. Add even here we onby want sock 
order as is involved im amafyais sifsa, not auch moce gid order 
as is involved, ¢.¢.. in projective geometry, 

When an event can be reached from another in 9 stepe but 
notin A~2, we may cagard the intermediate events as forming 
a scrt of quantized geodesic route between the two events. 

Tn virtue of the above division into zoues, wich can be 
elected with mpect to any Poot as otigio, we can define 2 
rather mall region of spact-toe by means of four intezen, 
representing the number of steps in which any poknt in the 
region can be reached from four given points. It is only 
within @ smuall region of thls sort, therefore, that we need the 
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more delicate mathods of microscopic order, to which wa shall 
Tow proceed, 

Given two pointe » and J, let os denote by “sd” their 
Ingical prodact, ia. the events which are members of both, or, 
in geometrical language, the events which cootain both. It 
is obvious that, talng the view of evenis explained at the 
beginning of the preceding chapter, Wi will be wull unless « and 
4 are fairly near together. As already stated, we my that 
and dare “congected " when al if pot muy. Microscopic 
oder ié confined to coomected points, at apy rate to begin with. 

We now define “J is between and, as meaning: “9, ia 
art DOINGS euch that «u is oot nol and is a proper part of wl" 
An équivalent definition U8: ‘x, 2,0 are points seach that xp is 
not pull, and ié contained in 
a, bart wl ja not oontebned in 
uw.” By the help of suitable 
atiogg, "between," go de- 
fined, can be made te give 
nse te the spatio-temporal 
order presuppised in assigning cordinates in the general 
Hheoary of relativity. What die definition says, in peometricel 
language, is that every event which contains both « and» 
containg A, bat net every event which cuntains beth # and J 
COntaing o. 

We magt ot imagine that all the points bebween two others 
fe on one line: each lies on sem shomt route joining the end- 
points, a short reote being ona composed wholly of points 
between the end-points: bat none lies on af short routes. 

Before developing the formal consequences of this definition, 
it may be as well to consider its geometricalimpert. in tha 
accompanying Bgors, A-will be between w and » if there are 
events which contain all three, bot there are none which 
contain s and » without containing 1 fl represent events 
by areas.) Now of events can often bo of iregplar shapes 
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auch as that of the shaded area in the Gun, it wonld seem 
‘hat one event is pot likely ever to be between two others 
according to the definition. I shall therefore assume that We 
may picture events as free from re-enitant angks and similar 
oddities, [imagine them a5 all oval; but formally it would 
do post a9 well Wf cbey were all foor-dimensional cubes, and it 
Would not matter whether they were large or small, provided 
they did oot differ too mock, and were all above a certain 
fintoom. The pictorial requisites are rather for the 
importance of the theory to be developed than for ita truth. 
In the preceding chapter, we astumed that events are suck 
as to be all ephetes according te ote possible metric. Form- 
ally, We toight equally well have assumed that there is 4 Doct 
in Which they ate all cubes. Some assumption of this kind, 
as we aa, ip necegary for the snopes of our definition of 
paints, The other agamptions needed for its treth wil be 
explicitly stated as they are mircdoced The assumptions 
introduced 90 far in this chapter and its predecessor are: 
{1} Com presitice is symmetrical, 
(2) Defining “events as the field of compresence, every 
event is compresent with itself. 
[a) Events can be well ordered; or at least those compresent 
with 5 given event can be. 
ta) Any two cvente have 4 tolation which in a finite power 
of comprescnce. [This i required for mapping spact- 
time inte zone.) In other words, the ancrstr] 
relalion derived from compresence ig connected. 


We will pow define a set of points as“ collimear” if every 
par Od the set are connected, and every triad a, 8, » ate anch 
that either af is contained in y, of oy ip contained in #. We 
Wil define a set of points as a “line” if (1) it ip collinear, 
(z) it is mot contained in any larger collinear gronp with the 
same extremities, Tit will be seen that this definition ia 
anglogons te that of points. We may defme « pet of events 
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as “oo-punctual ” when every qointet of the set are <co- 
pubctial; and we can then define a set of eveots asa" point” 
when (1} tt is co-punctoal, (2) it is mot contamed in any larger 
co-ponctual group. This way of stating oor previous defini- 
Gon of" pointe“ brings cut the analogy. 

The "lines" that we are defining are not to be supposed 
‘atraght : straightness i a notion wholly foreign to the 
peometry we art developing. Ferhapsé it might be better to 
call them “routes: but there is no harm in calling them 
"lines" provided we remember that they arc oot suppfemed 
to be straight, For the present, we shall not be concemed 
with lines, bur only with collinear groups of points. 

Let us define 4 set of points af “ aecolimear” i (7) every 
pair of the setis connected; (2) given any two, §, 9, tither # is 
betwaeg ary, ot is between a and, ‘We shail want sich 
atioms 23 wil] enable ys to show that ach a set of pointe is 
collinear, not merely e-collinear, and that their onder 5 
independant of a. Tt if obvious that, if we put £ before 9 
whenever £ is between a and 9, we obtain a serial onder of any 
set of points which 15 @collinear, Hot ta insore that the 
order shall be independent af o we require the following three 
akon: 

(2) Ibo, f. 4,9 a7e poms, and of is contained in fy, anc oy 
19 contained in #, and £ and » are chotinct, then Ay is opt con 
teined in é, 

fa) Tf op is contained in & and AF is contained in y, then af 
is contained in the sum of and». (Tt follows at once that 
af is contained in fy.) 

(3) fag ig contained inn, and oy is contained in ¢, then & 
ie contained in the sum of a ands. [It follows at once that 
AE is contained in 9.) 

The practical effects of these three wxioma are: 


———— 1s 
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(x) If # and » are between o and J, and ¢ is beteen o and 
n. Ean £ is got bobween # and x, 

iz) Lt § is between o and «, and y is between J and ¢, then 
& and 9 are bobween a and 7. 

(3) Mog is between « and f, and fis between o and », then 
qin becween Pand ¢. 

From these axioms we can deduce thala set of points which 
is ecollinear ig collinear. Also that, given a set of o-collinear 
points, if yas one od them, the points of the get which are 
beyond » fom « are »collinesr, and retain tha same order 
when arranged with reference te y a5 they had when arranged 
with reference toa. Also that, if # is one of a set of o-collinesr 
points, (hose of the set which are between «aod § are f-collinear, 

and have, when arranged with reference to 
Toa, the converse order te that which they 
had when énanged mth refermce io gc, 
Thee propositions show that we have a 
wtisfactory definition of order among the 

paints of 4 collinear set. 
The above axioms are Iogically adequate, but regarded 
Ba atterting physical truths about events they may perhaps 
be regarded as more or lass dowbttfal, We have to remember 
that our lines are not straight, and may therefore mtatn inte 
themgehves. Routes with very great cufvatore are, however, 
excluded by oor definition af collinearity. Cemnider, «g., 
such 6 racte a5 that in the accompanying fgore. We may 
mappost that a, 5, 8,9 are all connected, but Fand 9 will not 
be between o and f accoring to the definition, because ob- 
viously an event may contain a and — without containing 
Fand 5. Thus if we wish to regard the above ronte from 
ato fas, in somes sens, a line, it Will have to be mm an aztended 
sense, gamely, that it can be divided inte a number of amail 
finite parts, each of whichisaime, Anda set of points may 
be regarded as collinear in an extended sense if it in capable 
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of 3 seria] order such that any soffcientiy small conserntive 
gttetch of the series is a collinear aet—provided that such 
atretch must contain oot less than four points. 

We can now prove, by the help of oge further axiom, that 
any progression of collinear points all lying between two 
Ports c and f must have 2 limit. 

Lat ont set of points be wait, tp fp... f,- 4 3, all hying 
ma ine between cand f, in an order tom a towards f, Let 
a be the cum of all the points ine fe the class of members of 
mormibers of «}, and & thei prodoct, ss. the events which 
belong bo every member of x. Then & is oot oll, becante aff 
is contained in it, and ¢, § are connetied fin virtue of the 
definition of collinearity}. 

Let x, comMat of all the £5 except fa, of all the ays execpt 
#, ete, Leta, be the events belonging to all members of x4, 
and generally let 4, be the events belonging to all members 
ofw,; aod let Abe the cum of all che a's. Them 2 consigta of 
afl those events which belong to alt syificiently late fs; Le. 
to say that an event isa member of 4 iz to say that there is an 
wsuth that the event is amember of, foc all values of a». 

Ti will be observed that s,,_ 15 contained mw, therefore 
&, is contained in dy._- It follows that, if 2, 2" are be 
members of 4, there is an 6 each that z, 2° aré both members 
of &@,. Hence they are both members of £,,,. Hence any 
five members of A are co-punctoal, and therefore there is at 
least one point which contains the wick ol 4, since 4 is coo 
talaed in Ri}. 

Ti there is a timit, say 4, to the series of fs, we require: 

{t} That & should be beyond all the a's, é.z. that for every 
sand wm we should have 4 contained in Eye, ie that we 
ahoukd have fo contzined in i; 

fz) That there shoukd be no point beyond all the ¢'s but 
between ther and d, je. that, if, is amy point guch that 90 
is comttained in 4, then axis contained m 4. 


ato SPACE-TIME ORDER 


A cudiicient condition is, thereiore,4c—i, HH there is a point 
6 flilling this coadition, it ig the required limit, 

If there ig an event 7 such that every quartet of A is oo 
punctual with - and every quartet of ¢ which is co-pooctual 
with eis a part of 4, then there is a pomt 4 which contains 
Aand has s fora member, and this point will be such that dem A, 
ao that it will be the required limit. Bul if there is no soch 
even a5 2, We most proceed differently, 

In this case we geed & new axiom, namely: 

Hi fis between o and y, and is a member of a but not of f, 
then there is a quartet which is contamed m ff and » but is not 
o-punctual with x. 

In the figure, ¥ repreéents a mmber of sch a quartet. 

Given this axkun, We procéed as follows, 

Since £4, is between &, and ff, 
if x i¢ & member of §, but 


r # 
oot of £,,. there ib @ quartet 
. which is contained in # and 
S fag, But i6 net co-pumctoal 


with xs. Now fh. is contained 
in 4; therefore there if a goartct which ié a part af 4 bot is 
Bot co puncioal with #, It follows by transposition Lhal al « 
ip a ember of ¢, and every quartet of 4 is co-punctual with 4, 
then ¢ isa member of f,,. Jt follows that « is a member 
Of te Soe --- 0 that = ig a member of 1, Hence, since 
EF, may be any member of w, it follows that any member of « 
which is co-punchual with the whole of 4 is a member of 4A 
Now the terms co-pimctyal with the whole of 4 constitote the 
ths RiA). Hence the common part ofa and A(djis contained in 
2, and is therefore equal to 4, anes J iscontained ino and in.R(). 
Now Lf 3 is a point which contame A, it follows thal 4 is 
contained in AU) hence) de is contamed in a, and is therefore 
equal to 4, cince A is contamed in dandine. Hence 3 is the 
required limit, 
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It follows from this that a spopact series of points contained 
Within a stretch of collinear points is comtinuous. It does not 
felkew that therm: art compact strics of points; this would 
require existence-axiotns which there is no object in intro- 
docing, since we do not know whether space-time iy cantinuoys 
ornet It i, however, interegting to observe that an initial 
apparatus of mw, events suffices to generate a conbiniens 
fpace-time of paints, by means of the relations of co-puncttoality 

The further development of our geomnttry, so as to include 
surfaces, volumes, afd four-dimensional regions, obviously 
presents no difficulty in princple, and I do oot propose io 
ecllarge upon it. | will merely observe that ib is possible to 
extend the method by which we Lave defined points and lines 
so as to obtain something which we may cal] guriares and 
Tegrons, fhongh not quite in the gaual sens. Probably 
Waris ways Of doing this ara possibla; the one that J sugyest 
is the followimg. 

A class of Lines will be called “ co-superficial when any 
bo intersect, but there is no point commod to all the Lines of 
the class. 

AU surface "is a Gesuperfiicial clas of Jines which cannot 
bt augmented without cramog to be co-superiicial. 

Achassof surfacesis'oo-repional” whenany two have aline m 
Common, bot no line is common toall the surfaces of the class. 

A” region "" is a co-regional class of surfaces which cannot 
Da augmented without ceasing to be co-regional, 

Tt ig obyinngy thet this inethod could be extended to any 
number of dimengiong; also that it requires limitations and 
extenyicns. Hut it seems inmecesary ta pore the matter 
further, smce it is plain that ws have what is needed for the 
pre-co-urdinate geometry of apace-tioe, 

Let i 004 Compart oor constracted space-time with the 
spatial manifolds of amafyns aves. In the preceding chaptar 
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we qocted Hausdori’s definition of a “ topological’ space, 
and we saw that, in ander to prove the nsual orepotitions about 
limits, tt is netemary that the total ommber of neighbourhoods 
should be #,. Let oa now deine as a " ntighbourhood " of 
& point + any set of paints cach of which contains an a sub-class 
@ certain finite co-punctual clags of events which is a sob- 
class of. That 39 to gay, if ois a co-ponctual clam of events 
each of which tsa member of 2, the set of all the points of which 
ais a sobclas will be a neighbourhood of + With this 
deBaitien of a ocighbourheed,” it is obvinggs thal our space 
has the foor characteristica by which Havadorll (for. cit., p. 913) 
defines 3 topological space. Fn order to manre that our space 
shall also satisfy bis second denomerative axiom (fac.cil., p. 209}, 
Lt is netessary ahd sufficient to astume that the total number 
of eventais «,. With this assumption, the (hesrems of enatyens 
situs become appliraWe to oor space-time manifold od pomis. 

It remains ta say a word on Whe subject of dimensions, Wr 
have not ao far said anything explicit on this subject, though 
cor origmal introduction of co-punctnality as a five-term 
telation could only prove satisfactory in 4 four-dimeosonal 
manifold, The ost suitable definition of dimensions Com 
or point of view ja that of Poincaré, which ia inductive, He 
defines a space Mf a9 one-dimensional if, given any two points 
F, GQ. there is an isolated set of points ¥ sock that no connected 
part of M-not-N contains both P and Q. And be defmes a 
space Mf as #dimensicnal if, given any two points P, @, there 
ie an [# = 3) dimensional set of points X buch that oo coopected 
part of M-not-2 contalnsboth Pand@. Using this definition, 
oF apy other which is purely lopological, we #¢t up ihe aiiom 
that oor topological space-time is to be fonr-dimensional.* 
This completes the taterial required for the topological 
beatment of space-time. 

* For an acomuwt of the iodero of dimensions, wc Karl 
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CHAPTER 4AX 


CAUSAL LINES 

THE notion of causality bas been greatly modified by the 
substitation of spece-time for space and time. We may 
Gefina causality in its broadest sense a9 emmtvacing all hws 
which comect events at different times, or, to adapt out 
Phrasculogy to modem needs, cyents the iotervals between 
which are timedike, Now owing to the fact that the formula 
for ds" is formally the same for time-like and for spact-like 
intervala, there ig no longer the difference that formerly existed 
between causal and geometrical relations. Geotlesics arm 
geometrical, bat they are also the paths of material particles. 
[tis hardly comect to gay that a particle mies in a geodesic, 
it is more correct to say that 8 particle is a geodesic (though 
rot all pecdesicis are particles), To say that a partichk moves in 
a geodesic is to ae language appropriate Lo the conception of a 
space whith persists through time, volving ths notim of a 
Petition which may be occopied either at one toe of at anoiber. 
‘We think, for example, that it is possible to move from 4 to 8 
or from & to 4; bot soch a view is incompatible with the 
theary of space-tin. According to that theory, ever 
pasition af w beady bag a date, and it is imposible to occupy 
the sams position at angther date, since the date is one of the 
ceondinates of the position. Wheo we travel fom 4 to B, 
the date iy continuaDy advancing; the return journey, having 
differant dates, does not cover the sameronte. Thus geometry 
and cambation Became inextricably intertwined. 

Dr A. A. Robb bag laid stresa upon the fact that, when bro 
evenht have a spate-liles interval, there can be no direct causal 
tWation between them. This means that, given te such 


events A and G, if any inference is possible irom the coe to 
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the other, it nost be by way of a cormumon causal ancestor, 
Two meg may see the san at the same moment, so that the 
interval between their percepts is spacelike; the inference 
that so-and-so is stemg the smn now aneecs from oor knowledge 
od radiation, and requires that we should wace his percept and 
OL OWT boa comon acest in the san. We may therefore 
distingwish time-like and spacelike intervals by saying that 
the focmer gocur where there is some direct coosal relation, 
while the latter occur where both events are related to a 
COLO Brtestar of a common descendant. And possbh 
ibe magnitude of the interval may be dernvable irom the 
Toagnitude of the causal relation. But if this it to be possible, 
it will be pecessary (o achieve considerable precision 49 to what 
we mean by causal relations. 

As we mew in Part T],, perception as a coerce of knowledge 
eOtEMing physical objects would be impossible if there were 
Tot, in the phjsical world, semiiodependent causal chains, or 
causal lines as we may call them. The light wich comes 
to ws from a printed page tatains the steocture of the page; 
if tt dod oot, reading woold be impossible. The retention is 
only appriaimate; it ctaies al a distance from the book. 
And it cesses wilbin the eye if we have defective vision, Bul 
where thete if sich failure, perception ceates—or rather, if 
fades away at the failure to poeserve structure increased. 
Thus it i¢ 4tsentia] bo perception as a source Of knowledge that 
there should be in the world causal series which are, withm 
limils, independent of the reat of the workL 

Another point conceming catsation emerges from the cm- 
sideration of perception. A mmmber of simultaneous per- 
capts——wg. the lettas af a word which we read at 0 glance— 
are to be regarded as “oo-punctual” in the seqse of out two 
precoding chapters. Zach of thetc pemepis bea its own 
catia! antnoedents, diffetent firm those cf the other percept 
it if trae thet there may be orotual modiication—ay. a 
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caleur looks different im the neighbourhood of smother colour 
from whak it looks against a dark backgronnd. But this is 
recommend 26“ obodifeation,” a8, as cfecting a chanpr from 
a porm, Which must remain within limits if perecption is to 
be soccessigl. Thus the percipient tg the mecting-place of a 
number of more or iess independent causal scrins—as many, 
at Inast, as there are distinguishabis elements in hig total 
momentary perceptual Geld, But although these line have 
converged upon bum oor of bess independently, tha totality 
of his portepts mow becomes & cawsal omit, a5 15 686m in memo 
phenomena. Given a number of sumultancous percepts, a 
percept very similar to ont of them, cecuming on a future 
occasion, recalls something similar to the others, or at least 
nay do eo; here the co-punctuality of the percepts is essential 
to the chatactor of their total effect. 

Tn the physical world, the same soct of thing must be 
tuppeded to occur, though toa less stoking degrees. According 
to the theory of Chapier AAV, any event in the physical 
world occupies a nite region of spacn-time, whose finiteness 
couigiste in the fact that the sak event is compresent with 
ewents which ate oot comprosent with cach other. On the 
analogy of tiiecut phenomena, @ group of co-punctoa] events 
may have ecHects which would have been imposibk UY the 
events had oot bean oe ponctual, That is the reason why 
Poysics 15 cotpelled ta miort bo points in atating ils causal 
laws. Until we have @ complcte group of co-punctual events, 
ia. a POINT, We canned be quit] sure as to the effect which will 
fellow from any one of the events: sich knowledge as we can 
have will be more or less approximate. 

It is these teo opposite jaws, of approximately separable 
mange! Jines oo thes one beaod, and interactions of co-pumnctual 
events oo the other, which make the warp amd wool of the 
waokd, both physica! and mental. In this chapter, ] want to 
attain mote pretining as to the separable causal lines. 
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The pesaibittty of perception, as we have scrn altrady, 
depends opon the ocemrrence in the phyvical world of processes 
whith toay be called “ reciations,” poovided the word is ated 
Sew more whey than [3 customary. The processes 
commonly called radiations: art, naturally, the most periect 
examples, In thest, when they are ondisturbed, we have a 
comlition of some kind which spreads outward from a centre, 
changing in an apparently continugus manner as it trevels. 
Seth may be met with on the way which alters the law 
of change, or even stops the radiation m some direction 
Sitogetiver; but in tie absence of obetackes the procesy proceeds 
according to its of mom laws. The public nge—aight, 
hearing, and scorl—depead upon radiations, in a generalized 
gemige in the cate ame. Bodily senses, including touch, are 
more analogous to electric currents in their manner of propaga 
tion: they travel along nerves, but net through air or empty 
space. The public senses, also, bravel along nerves, but ths 
disturbance in the nerves is a prolongahon, with alterations, 
of @ process in the world outside the percipient’s body, which 
is tot the case with the bedily senses. Ht is caing to the 
existence tf radiations that we live im a commen world, since 
this depends upon the fact thal nemhbourng percipients 
receive sitnilar simul ab about the same time. The physical 
aocnunt af radiations is, however, very different in different 
cases. In the cage of smel, the emission theory is aniversally 
accepted: we omell a body because portions of it travel from 
it tothe nose, Ip the case of souod, only a process, not actual 
matter, is transmitted, but the prowess ig in matter. In the 
case of light, if we accept the undolatory theory, the process 
consists of a transverse vibration, which may be maid in be 
io the atther if that brlogs comfort to the speaker, bat is 
certainhy not in ordinary meatier. JF we coukl accept the 
Hight-qeantum theory, we akouwld still suppose that there is 
Boe periodic process, such that tha action during one persia] 
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48 4 (Planck's constant); the light consists of (co to spenk) 
atenis, each of which is guch a process. There in a great 
difference of physical importance between these three cases 
of smell, ein, and light: the first i9 quite unimportant 
physically, the second a somewhat late development from 
mt fundaments] principles, the third a cornerstone of 
physical theory. 

In the ideal case of a codjation, a few obecrvations should 
guffice ta determine its emtre, and then, ite laws being known, 
we could infer the whole conpected syste of events whieh 
constitutes it, in 80 far as the events enter into physical laws. 
The case of light from a fixed star very nearly realizes the 
ideal. The places in the universe where the light encounters 
Obstacles are very few, though unfortunately they include the 
places where wa live. [t is becanse this example of light ix 
POC 8 50 early perfect that we koow at touch as we do aboot 
astronomy. 

Radiation independent of matter, however, i9 only one 
form of causal process in the phyaicel world, Apart from 
quantum changes, thera ara at least two others which are of 
preat upportante: ofe is the totien ef matter, and the other 
is the transmission of a process by tmather. The difference 
involved is estentially one a3 to causal laws: one sort of causal 
cannection hebween events males us regard them aa part of 
the history of one pisce of matter, while ancther does not, 
but there is no more intimate connection between an dectron 
at one time and the same dlectron at another time than between 
tyre parts of one light-ray. Let us consicer for a moment the 
natore vf the causal Jaws which define onn piece of matter, 

Cha froma fac difference is that the propagation of Hight 
is spherical for conical, m tha case of a directed beam}, whereas 
the motion of matter is linear. The history of & piece of 
matter faa  word-line"; the history of a liphi-wave is not. 
This difference may oo Ipnger exist if some adaptation of the 
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light<qynantom theary can be made satisfactory; but, if so, wa 
ahatl feel that the difference between light and ntiatier bas beet 
nodith dimmished. Another difference is the relative inde 
stractibility of matter. One fon of enetey changes into 
another, but the enctgy represented by the proper mas of an 
electron of proton is wot Aces to change inte other forma, 
and apparently never does ao under terrestria] conditions: it 
does not radiate at all in any circumstances thet we can 
produce of observe, Then there is the fact that the velotity 
of a body relative to any observer is ahways ices than thet of 
light. But m spite of the dowbt as te light-quanta, the main 
featore of the ¢ausal jaws that constitute matter stems fo be 
theit Lincar tather than spherical character. It ia this that 
enables us te locate a given piece of mather at & given, time. 
The light emitted by a dash is, at a given moment, <iffeed 
over the gorface of a sphere, but an electron ig as concentrated 
at ane time as at another, and does not tend to spread itseel 
oot. A mit of matter may, therefor, be appropriately 
defined as a " cattsal line.” 

Before pursying this subject, however, it will be well to 
tiapose of the other kind of causal process which we mentioned 
just now, namely the transmission of a process by matter. 
This is itself of two sorts, one illustrated by sound, the other 
by the condoction of an electric coment. In the case of sound 
We bave a fadiation; it the other case we bave 2 mote oF lesa 
hinear process, In each case, however, actual pieces of matter 
move, and cause others tg move. The fonmer belongs to the 
notion of a canal line,” ta which we shail rete in a motment, 
The latter belongs te the caosal laws as to the interactions of 
Gfierent pleses of matter, which I de oot wish te consider 
oot J hare dicted the intrinads causal laws which constitute 
the definition of one piece of matter, These, a5 we sw, hare 
ben wenewhat obpcured by the notion of substance, which 
made it plausible to take ior granted certain comecticns 
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beter eyoois at different thoes, which, for os, sre causal, 
and demand explicit recognition. It ig these intrinsic Jaws 
which replace substance that 1 wish ta consider now, leaving 
the interactions between different pieces cf matter for a Jater 
wtage. 

What, then, constitates a “canga] lina"? In other words, 
what cansthtutes on¢é electron? Before asking onrselwes what 
makes ws call an oléciron at one time the same a6 an olectron 
at another time, it may be well te ask ourselves: What con- 
shintes an tléestoon St soe trot ? 

We must find some reality for the electron, or eke the 
physical world will run through our fingers like a jeDy-fah. 
There is the same gort of reason, however, for not regarding an 
electron a9 an ultimate particolar as there waa for refusing 
this statos toa spacetime pomt. The electron bay very con- 
verient properties, and ia therefore probably a logical stroctore 
pen which we concentrate attention jist because of these 
properties. A rather haphazard act of particulars may be 
capable of being collected into groups each of which has very 
agretable amooth mathematical properties; but we barn no 
right to suppose: Nature #0 kind to the mathematician as to 
have created particulars with just such properties 23 be sold 
wish to find. We have, therefore, to sok gorgelves: Can we 
cnvtroct an electron ont of events, in the same sort of way in 
Which we ¢otstrocted space-time points? To this inqairy we 
Inst now address qurnelves, confining ourselves, at frat, to 
the electron at one tine. 

When I speek of “electrons “' in this discussion, I shall 
include " protong,” since everything that ig to be said about 
the one ig te be said about the other also. 

We da pot lnow much aboot the contents of any part of the 
world exoapt cor own heads: oor knowledge of other regions, 
a5 We fave seen, 15 wholly abstract. Hut we kogw our per- 
cepts, thonghts, and feelings in 8 more intimate fashion. 
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Whoever accepts the causal theory of perception is compelled 
to conclode that percepes are In cur heads, for they come at the 
end gf a causal chain of physical events leading, spatially, 
fom the object to the brain of the percipient. Wa canst 
auppost that, at the end of this process, the last effect suddenly 
famps back to the starcmg-point, like a stretched tops When 
it snaps. Ad with the theory of space-time 25 & structure of 
events, Which we developed in the Jast two chapters, there it 
mw sort af reason for net regarding a percept as bemg in the 
head of the percipient. I shall therefore ageume that this is the 
se, wien we are speaking of physical, not sensible, location. 

Tt follows from this that what the physiologist sees when be 
examines a brain is in the physiologist, not in the brain be is 
examining. What isin the brain by the time the physiologist 
eXamites it if it is dead, I do not profess te kno; but while 
im owner Was alive, part, at least, of the contents of his brain 
consisted of big percepts, (houghts, and feelings. Since bis 
brain abo consisted of electrons, we are compelled to conclode 
that an electron ig a grouping of events, and that, if the 
slectran is in a human brain, some of the avents composing it 
are likely te be soot of the *' mental states of the man to 
whom the brain belongs. OF, at any rato, they are likely to 
be parts of such " mental states “—for jt must not be assumed 
that part of a toental stale must be a imental state. 7 do not 
wish to disces what i¢ meant by a “mental state"; the main 
point for as is that the berm must inclade percepts. Thos a 
percept is as event of a group ol events, cach of which belongs 
to ane or more of the groupe constituting the electrons in tha 
train. This, T think, is the most concrete statement that can 
ba mace aboot alectrony; everything else that can bo said ie 
more Oc Jes abstract and mathematical 

We have armed at ths conclusion that an electron at an 
iastant ia a grouping of events; the questing 1a: what sort 
of gronp is it® =Obvionsly it mocludes all the events that 
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happan where the electron ig. Tf we may regan the electro 
a4 4 material point, the events constituting an lection wall 
have the two characteristic properties of points, viz, any five 
are co-punctual, and not all guteelasges of four events are 
co-punctual with any event outside the group. [| do not know 
whether there is any valid ground for supposing that an 
electron is of finite size: none of the usual arguments seem at 
all conchtsive, since they ooly show the forces developed in 
the neighborhood of an électron. Howrver, it is paul to 
assume a finite suse, aed dor ws the matter is one of indifference. 
Ti we aseume a finilt site, the events belonging to the electron 
can be grouped inta many points, not only inte one: in this 
case, the electron is a proup of poines, i. a class of clatses of 
events. Tt will save arcumiocution to speak of the electrom 
a3 a pomt, and leave it to the reader te make the necessary 
verbal alterations for adaptation to the hypothesis of finite 
size, But it showld be remembered that in Heisenberg’s 
theory the electron i5 neither a point nor of finite site, bce 
ocdinary spatial conceptions are inapplicable toa it. For the 
moment, we will, however, confine ourselves to the older 
theory of the electron 

fs the clectronm is a perint, it is a seaterial point, and thug 
differs irom pois in emply space. This difference, I believe, 
docs mot condist in anything characteristic of the electron at an 
instant, bul in its causal laws, What distinguishts 4 maiarial 
Paint from a point of empty space-time is that we tan recognize 
A peries of earlier and Jater material points as all parte of the 
history of one alectron. In the Newtonian theory, one could 
aay thesame of a point of abdolute space; but with the abandon- 
ment of absolite space we have Decome goable to regard a 
point at one time as in any sense the Same 45 o point at 
another time, except in the care of a meatere! pont. The 
axitence of Lhis connection may be taken 25 the definition of 
“raatter "; and obvicosly the cganection 3 cangsal. 
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Tn order ta develop this farther, we mast retuto to the view 
ested ih connection with perception, that events otcor, 
wally, in groups arranged about centres. These centres 
may bt taken te be places where there is matter. It is found 
that, given events arranged about a centre at one time, there 
are generally similar events arranged about neighbouring 
centres at slightly earlier or later times. By taking the centre 
very amall, and by continually diminishing the time-like 
interval concerned, thig statement can be made mom and 
more neady true: ig the limit, when stated in the language 
of diHerentials, it ay be exactly true, except where quantum 
phenomena até concemed, In theit cast, continuity is not 
the criterion, at least not continuity in all respects. There is 
continuity in some respects, and in others there is a jomp ofa 
definite ameunt connected with the quantum theory, This 
case shows, however, that continuity is not the essence of 
inaterial identity: the essence is inferribility of a group of 
PLenOrena at ane time from a group at another, when both 
eToups are arranged about cenires.* The tine must be very 
short, and the inference ty only approximate, except in the 
Jiro, a the time tends towards tero, Moreover, the time of 
the pretip is mot at of the times at which the several member 
of the group occur, bat the calculated time at which the group 
began to ba propagated from the centre, The centre is" where 
the piece of matter is," and the route af the piece of matter 9 
determined by the differential equations which result from the 
above principle. But as to what sre the actual events at the 
centre, We knew nothing except what follows from Lhe fect 
that gur percepts and "" mental atates " are anong the evente 
which constitute the matter of our brains, 

Thus each material unit isa causal line whose nedehbouring 
au sleet at ome Liane eth an ckctron’ at anethay’” Fils weak bet 


diBeulty if ao alecherg were coaecdved ang pobetane)s, bat for oe it le 
oerely a5 empirical limitetion of tha mnpiias) conception of a dnusal 
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points are conmected by an intrinsic differential law. The 
mimiplest form of such @ law is the brat law of motion, from 
which it fellows that if a bedy coversa given distance in a very 
ghoct time, it will cover a very nearly equal distance in the 
text wary short thos. IT concaive—thongh this ia conjectural 
—that, given any event anywhere m spacetime, there is 
owally some qualitatively very pinular event ina meighbouring 
paste in space-kint, and that, of there is any measurable 
relation between the bwo events, the’ velocity " of the change 
varles continucly, so that at a thind neighbounng pent 
there will be an event differing fram the second by very nearly 
the same amooot as that by which the second differed from 
the frst, provided the interval between the second and 
third points iy equal to that between the first and second. 
This, together with the fact that eveote can be grouped aboot 
cantres by the sort of laws which we have called " perspective,” 
peer bo explgin the wbhlity of matter in stating the causal 
laws of the physical work. Bot there is need of caution 
owing to quantum phenomena, a3 explained im the preceding 
paragraph, = Continelty is the role, bot it may bare extep 
fem. So long as the exceptions are subject to astertuinable 
laws, they do not make the whole system impoasible. 

So far, I have said nothing about extrinsic causal laws, ie. 
those which we naturally regard aé exemplifying the inflpence 
cf ont piece of matter upon another. Einstein's cheany of 
gravitation has thrown a oew light upon these: but this is 
matter for a new chapter. 


CHAPTER XXXI 
EXTRINSIC CAUSAL LAWS 


T way by an“ exteingic ' causal law any formals in which 
abe piece of matter is mention; as concemed in the behaviour 
of another. Newtonian gravitation afforded a pericct example 
of an extrinsic cagaal law, but Einsteinian gravilation, priara 
ferie, dots oot, The question [ want to consider is: Can we, 
in the last analysis, dispense with such laws altogether, and 
regard each piece of matter as completely self-determined 7 
Or must we admit them, and, ifao,i0 what form? And what 
are we to say of such matter: as the emission and 2 ion 
of light ? 

Let us frst camsider Eimstcinian gravitation, The theory 
cqamsists in ascribing to every region af space-time 2 metocal 
stricture which is ebtained (roughly speaking} by super- 
posing # pomber of structures which are symmetrical abont 
ceatres, the centres being portions of matter; and, given the 
strocture, each piece of matter coves in a geodesic, or mather 
isa gecnlesic, § [tis mot very easy to see what this means when 
it is transinted from the technical kingnage of theoretical 
puysics inte the languages of groupe af events, Nevertheless, 
vee TSE Make the attempt. 

Te begin with: Can we tnake “imatter into a mere law 
according to which events occur in the places where there is 
no matter? This quaytion 6 anglogous to that of phenomen- 
alism as discused in Chapter XK. We there considered the 
possibility of expigining unperceived " things” as laws con- 
cerning the behaviour of perceived “things.” Similarly we 
might take events wioch occur in empty space, and find that 
they wets anbject to laws eymmetical aboot centres, and 
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define each such law asa piece of matter sitnated at the centre. 
Conversely, we might regard the sappesed events in enipty 
Space a6 mere laws connecting events in different pieces of 
matter: this becomes phenomenalists if we confine the pieces 
of matter to humag braink. There are many poasible ways 
of torning some things hitherto regarded as" real" into mere 
laws congarming the other things. Otrvicusly there most be a 
limit to this process, of else all the things in the world will 
tatrely be cach other's washing. Bot the only obvious final limit 
ig that set by phenomenalism—perhaps ont ought to say, 
rather, that set by solipsism. Ti we have one admitted 
aoperceived events, there ig no very obvious reason for picking 
and choosing among tha events which physics leads ws to infer. 

This argument, however, hardly warranis os in asqoming 
events inside an electron. If we assome gn electrom of the 
Rutheriond type, we shall have to gay that, if anything dow 
tale place inside the aloctron, we can ion nothing about 
it. Mea physical process passes through the mlectron, so that 
the inside, if tt exists, is a prison from which nothing can 
fitape, No event inside an clectron can be compretent with 
am cvegt outsida tt: consequently, according to the theary cf 
Chapter ZXTA,, 0 loc can coos the boundary of an ehectron, 
What goes on inside, if anything dees, is urebevant to the rest 
of the universe, and is not really in the same space-iine a9 
what goes on outside, Now the world of physics is intended 
to be a cansally interconnected world, and must be such if it 
ia not to be & groondiess fairy tale, sinca oor inferences dapend 
upon causal laws. Therefore if anything occurs which i: 
causilly isolated, we cannot meluda it in physics. We bare 
na gtound whatever for saying that nothing is chimsaliy 
isMated, but We can cever have pround for seymg: Such- 
and such & causally igotated event exits, The phygical world 
is the world which ip causally continuous with percepts, 
and what ip aot so continagus Lies outside physics. Thos if 
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anything occurs insides an ekrctoon, sch a) oecurmnce does 
not belong te the world of physics. It would seem to fallow 
that, if the electron isto have a definite position in space-time, 
if most be either pomt ora hole. The former, bowerver, it 
physically unsatinactory, and the Intter seema scarcely 
capable of an intedigitle interpretation. Theos the Rother- 
ford type of electron raises protiems, however we Tay 
interpret it. 

The Heisenberg electron offers a way out of these difficulties, 
This electron is not in & dafinite place, and nothing buppene 
inside it. Tt is essentially 4 collection of radiations obpervable 
in other places thao that in which the electron would formeriy 
have been said to be. Thee the electron is reduced to a law 
25 £0 occurrences in 2 certain region. We cannot say, on this 
view, that the electron is a point, or thal it is a certain finite 
regio, oF that it is a bole; it is, 90 to speak, something of a 
different logical type, connected with a region through the 
fact that the radiations concemed have dimitusiing intensity 
a) Ft pass away [rom this region, but not capabk of accurate 
correlation with either a region ora point. Thus on this view 
matter coos merely of laws as to opcorrences in “ empty 
BpOe. 

Owing to the fact that an electron at one time cannot be 
identified with an electron at another time where quantom 
changes have moterveoed, the conception of motion Loses itp 
definiteness where electrons are coocemmed. Thin, however, 
oop raises difGeulties when we aft concerned with very mmute 
Phenetenk, sich as Chose which occur with an atem. For 
Latpe-atale Phenomena, such a4 those with which astronomy 
is concnrned, we may still regard the mlectrod as persisting and 
ad necting ih epace-titse. 

We can now return to the Zinsteinian theory of gravitation, 
which opctstituted this long digression, According to this 
theory, cach electron is weeciated with a crinkk, which grow 
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(egg marked a3 we get aveay from the electron, but extends 
theoretically thromghout space. The actual metrical structure 
of space-time in any region is obtained (roughly speaking] by 
Superposiog these erinkles. Now the metrical propertics of 
Space-time are nothing bot a method of stating cavesal laws. 
in the case of gravitation, these laws have to do with the way 
in which the movement of one ¢lectron is connected with the 
pasitions of the others. We must suppose that the formula 
for interval represents sonething in the state of affairs at each 
place, and thet bodies left to themselves move in peodesics, and 
that, so long as electromagnetic phenomena are left out of 
account, the formula for interval at any place is found approxi- 
inately by superposing a mucober of spherically symmetneal 
formulz, cach of which corresponds to an electron in its 
central teeion. It is oatoral to ask, at this point, whether 
interval has any more physical reality than fortes. But J da 
not wish to ralse Chis question yet, as I propadce to comaiger it 
in later chapters. For the present we may say (a) that we can 
recognize peculiar pegions in spacetime, which are those that 
would naturally be regarded as in the immediate neighbor 
hood of matter; (4) that the formula for interval at any place 
is a function of the geodesic distances from that place tu 
Reighbowyg pieces of matter; [c) that pitees of matter travel 
along geodesics. 

The gaettion whether, in such a theory, there is " action at 
& distance “is really one of words. The formula by which we 
determine what will happeo in a given region will omtam 
references ta distant regions, and it may be said that this is all 
we can mean by“ action at a distance.” To mean more, it 
may be said, is to regan causality as soroething mote than 
contlation, whith thors can be no reason for doing. If what 
happens in one face is correlated with what happens in 
ancther, we may be told, nothing sore could be imagined in 
the way of action at a distance. But this ig not quite what 
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in fact occurs. What happens mn one place js not correlated 
with wit kaptess in another place, but with another place, 
which is 4 different thing. Different neighbourhoods have 
diferent characters, and the differences can be represented by 
a combination of formele which are spherically symmetrical. 
This is net action af a distanca, bot action arratding fo a 
distance; there is nothing that cag properly be called an effect 
Of one Ehigg open another at 4 distance from if. Thus 90 far, 
pending the discussion of interval, we have found nothing that 
can properly be described as an extrinsic causal law. 

Electromagnetic phenomena, if we accept Weyl's theory, 
wil not differ importantly, so far as oor present question is 
contemed, from gravitation. An electromagnetic field will 
be cepresented by gauge-relations between points in a méigh- 
bourhood, and there will be no ground for supposing that one 
piece of taatler influences another: all that we can say is that 
B piece of matter corresponds to a mewrical state of affairs 
which makes the geodesics different from what they would 
otherwise be, The motion of an electron or proten is then due 
to the peculiarities of the metrical state of alaits wiiere i is, 
hot to something even so near a6 the hydrogen ouckeus is 10 its 
Planctary electron. 

But what ate we to say of the emission and abtorplion of 
hight? Tt is clear that whenever we percerve Lght we abaorb 
it, that is ta say, the energy in the waves of light (or light- 
quanta ?) that hit the eve is trangiormed inte a different kind 
of coargy. though T should net ventore Lo my what kind. 
Therefore all visual percepts involve this process of absorbing 
light. And if perceplion can ever be a source Of knowledge 
€5 £0 things outside the percipient's body, there must be cangal 
lawe comtettg what happens te the pertipient wilh what 
Goes on outeide. Tt is, of course, obvious that ther: are such 
iawe; we cannot revive Leibniz's windowless monads. The 
Process of absorption and emission of light will serve ws a 
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Epecial case, about which we have considerable knowledge, 
in which we can hope to analyse exactly what occurs, 

Let os take, for simplicity, peo hydrogen atoms, of which one 
omits nergy which the other absorba, But for the theary of 
quanta, and such phenomena a9 the photpelectric effect, 2 
supposition of this soct would be impossible. Lf the eaergpy 
radiated from a hydrogen atom in ths form of light really has 
the shape of a spherical wave, it is impossible that the whole 
of it should be absorbed by ove other atom, any more than the 
whole of the light radiated from the sun can fall on the earth. 
But if the light emitted by a single atom travels in a straight 
lnc (approimately}, like a material particle, then it may 
happen to bit one atom and be absorbed whole, just as Jonah 
Tight have been gwallowed by another whale, We ghall have 
to soppose, in thig case, that the spherical distribution of light 
Tound @ radiating body is a statistical phenomenon, like bullets 
fired from a fort in all directions This cugpests the hypo 
thesis which wo have already consideted in Chapter XIIT., 
accondmg to which nothing at al! happens between the emission 
oF light by one body and its absorption by another. In that 
cagé, empty space collapecs post as the electron did, an only 
the surface of the electron remains. This, boever, soem 
hardly a tenable view. The intervening spate might be 
detoribed as non-existeot from a metrical polot of view, simce 
ths interval between the emission and the absorption of a Ught- 
rayissero; but from an ordinal point of view thisia not the case, 
gince, f 4 and A ara two points on a light-ray, we can di 
tinguish the cage in which the ray goes from 4 to 2 from that 
in which it goes from & te A. This difference can be stated 
in metrical terms. Fot example: Let wt take as our Ome 
co-trdinate the proper tio of no matter what body; whatever 
heady we choose, 4 will be carlier than 38, or ele, woateror 
body we choose, B will be earlier than 4A. Again: Suppose 
that at 4 and 2 there are miscors, which reflect part of the 
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ray in eorkh @ way that an observer Q see3 both reflected rays. 
Then either avery soch observer will see the reflection from A 
before that fom 3, oc alsa every soch observer mill sec the 
reBevtion from & before that from 4A. We can free this [nom 
dependence on an observer by the following method of state 
meant: Let 4" bea paint on the ray reflected from A, and #’ a 
pomt on the ray refected from #, oo chosen that the interval 
between 4" and 3’ is time-like, Then, hirwever A’ and 
roay be chosen, cither 4° is always before 5’, or 5" ts always 
before A’. This is stated in the language of the specia] theory, 
but it is still valid, madans metendis, in the general theory. 
TRus when we say that the interval between two points on 
a light-ray is zero we are not denying that there isan important 
sense in which one is canier than the other, aod in which one 
can be regarded as cause and the other ag effect, § This sugecsts 
that the zera mterval is not quite so significant as it might 
secmn to be, and? cannot therefore acorpe the view that there 
are no evente along the path of a light-ray in empty space, 

Let ut now retoro to the emission of Jight, ignoring absorp 
tion for the present; and Jet os still consider a single fydrogen 
aiom. ‘We are told to suppose that the electron revolves 
about the proton for a certain time, say in a circular orbit 
for times 99 large a5 the miimu orbit; then, suddenly, it 
decides bo revolve in the minimom orbit. Vehen this change 
occurs, the atom doses a certain amoont of energy, which is 
transformed into light whose frequency ia obtained by dividing 
the loss of energy Dy A (Planck's constant}. ‘Whether the 
light travels only in ane direction, or in a spherical wave, we 
are compelled, in the present state of physical knowledge, to 
heave an open question. But we do asmome that something 
travelé away from the alectron, and that, if light is absorbed 
by another atom, that light haa traversed a route from its 
place or places of origin. We assume also that the light has « 
frequency, 5. that what travels ig. periodic proces. When 
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the light is absorbed, it ceases to exist ag light, although it 
may reappear {in Boorescence). But often its emergy exists 
in discoverable formms—chemical forms in chisrephyl, for 
example. When, however, the copy extets in Fhe form of a 
steady motion of theelectron in its erint, it is net dcovoabk 
anti] there isa change of orbit. Tf we had safficient!y powerful 
microscopes, we couk] yee a glowing ga3 dissolving into a 
camparatively small number of spots of light, while the atoms 
in steady motion would be invisible. Thus we ssem to reach 
the conclosion that the caqsal laws which genoitehy connect 
one piece of matter with ancther are quantum laws, in which 
there are various stages: frst, a periodic process having mo 
outalde cfiect; secondly, a sudden dismuption of the caergy of 
Ehig process inte two paths, one being @ new peviadic process 
in the original body, the other a perisgic process travelling in 
empty space: thirdly, the arrival of the travelling process at 
another body; foorthly, a quantum change in this other body, 
involymg absorption of the radiant coergy in the preduction 
of a new steady state in the abtorbing body. AH genuine 
causal relations bebween different bodies, we may suppose, 
involve this process of sudden loss of energy by one body and 
its sudden acquisition, later, by another body. The older 
physical laws, a8 reinterpreted by relativity, can apparentiy 
be so stated a4 to leave bodies independent of each other; but 
I cannot see how the quaotum laws can be 99 stated. 

li one could adopt what may be called thea “ parcele-post ” 
theery of radiation, according to which, when energy leaves 
an aterm, it does so with a definite destinalion in view, we 
could simplify cor account of the matter, In that case, atoms 
wonld, at mest times, live a self-contained life, “the world 
forgetting, by the world forgut,'' But sametimes they would 
give a paver! of energy te the postman, and sometimes they 
would receive one from him. The postman (wie is pechape 
not a tectetalier) sways irom side to side as he travels, and the 
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bigger the parce! the faster he sways. Bot be travels at the 
ame pate whether his parcel is big or stall: and be is the 
oaly link between the atom and the rest of the workd, 

For the present, we dare not assame that the question 1: 
as simple as in the parcels-post illostration. Energy may 
fas the orthodex theory supposes) be lost by tadiation into 
the void—iost, } mean, not mathematicalty, but practically. 
The difficalty is that we cannot put an instrument inte the 
vod te st what happons there; the attempt is just like trying 
to go and see what things look lke from a place where there i¢ 
no ¢yé, All oor actoal knowledge is concerned with the 
bngodary surface: between matter and empty space: what 
is inside and outside these gurlaces is conjectural. J cannot 
help believing that some far simpler logical echeme of physics 
is posible than any yet evolved, and that the simplification 
is opagt Jikety to come through giving up the attempt to make 
Physical space rettroble the space of percepts, of which a 
beginning has been made by the Heisenberg quantum 
mechanics. The theory of space-time developed in Chapters 
AXAVIT. and XAXIM. was, perbaps, unduly orthodox and 
woimaginative. Perhaps a great deal of apparatos could be 
cot away if we could free oorselves irom the belief that we 
must preserve, in physics, characteristics which we ind m 
Paychalogical space and time. To thi topic 1 shall devote 
the oaxt chapter, 


CHAPTER XXX 
PHYSICAL AND PERCEPTUAL SPACE-TIME 


In Part IL, when we were considering the transition from 
perception io physics, we took over from commen sense 
certain rough-and-ready approximations which, at oor present 
stage, we most seek to replace by semething more exact, We 
Want tow to make a second approximation: havurg inferred 
a certain kind of physical workd from oor percepts, we can nse 
the properties of this inferred world to reinterpret the relation 
of percepts to the outer work, and we can consider more 
carefully whether any of the properties we assigned to the 
outer world were acctpted without suffiamnt reason, merely 
Becansa they were such a3 ee think we find in tha percaptual 
world ‘The subject it imaginatively dificult, and it is not 
easy to cisentangle different levels of inferenoe, byt it is 
important te de so. 

Starting fram percepts, we observe that different peopk 
have similar percepts, whose differences pronecd approximately: 
abocording to the jaws of perspective. The first picture of the 
poysical wecld to be derived fam a comparison of percepts 
(when We start with o developed logic, not with common sense} 
is, that tere are groups of more or lees sitdilar events arranged 
about centres; that the first-order laws as to the differences 
between events in one group are spherically symbol with 
respect lo ihe centes of the grup; and that the secomd-onder 
laws are obtained by combining a oumaber of laws of " dis 
tortion,” each of which has its own centre, In this picture 
ef the workd, we ose 2 physical space which is derived irom, 
ane) alsa correlated with, the space of percepts, in the manner 
explained ix discussing phenomenalism in Chapter MK. I 

a5 
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shall bere repeat and amplify this constraction, with a view 
to suggesting modifications of it derived from physics. 

We cannot wholly eliminate the subjective factor in our 
lenowledge of the wordd, sincown cannot discover experimentally 
what the world looks like fom a place whete there is no one 
to see it. But we can make the subjective factor approxi: 
mately constant, aod thos be reaggnably convinced that the 
Ciffarmnices which remain are dos to causes that aré pot sob 
jective. J shall therefore soppose that, at a given moment, 
Boumbe of photographs ant taker of sme object, aay a chair 
of a table, froco different paces, with cameras and plates as 
Similar as possible. J shall suppose thal the photographs 
are compared by a person sitting tolioniess, who place) them 
soccessively on a fixed stand in front of him. It ig then 
reasonable to aayome that the differences between bis percepts 
of the photographs are doe to physical cages; also, within 
linvits, that the likenesses between them are due to likenesses 
in the stimuli to the photographic plates. ‘We find chat the 
Hiftrmmics between the photographs procerd actording to 
certain laws, which we call the laws of perspective; these hows 
are correlated with the differences between the appearances 
of the different choeras to an obserrer who gees them sl] at 
the moment when the photographs are taken, and soon. In 
fact, they con all be expressed a9 fonctions of the " co-ordi- 
mates “" of the canteras and the parts of the table, whore“ oo 
ondinates " may be defined by ration io the single observer, 
E.e. be oy gtt another oan to go with one end of # stretched 
tapeoasine to each camera in tum, while he bods the other 
and ; be con read the length + of the tape-messure, and observe, 
on scales, the angular co-ordmates 6, 9 of the tape-neasare. 
These facts lead ws to attribute a measure of objectivity to oc 
euordinates, inca, dihoogh they are all oheerved by ws from 
wor point of view, they determine the sort cf photograph that 
a camera Will take. Further, they ead us te think that, all 
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round the table or chair which in being photographed, there 
are ewents which sre conpected with each other according 
to the laws of perspective as stated with reference to » certain 
centtt as defined by oor polar comdinates. Our cbeerver’, 
F, 0, ¢ am facts concoming bis own percepts, yet they eoiiice 
mithematioally to determme the “ pececpts " of the cameras; 
they must therefore have same significance whieh is not porely 
private to him. 

This argement, elaborated and extended in obvious ways, 
gives the ground for suppemng™g that our perorptual spice has 
some abjective counterpart, #6. that there is seme relation 
between the camera and the table corresponding to dhe relation 
between the co-ordinates of owr percepts of them. {I am 
throughout assuming the caugal theary of perception.) If we 
NOW USt One Comera to make one photograph containing vartong 
objects, we shall again find that the spatial relations of the repre 
sentations of the objects in the photograph are such as tao be 
taltglated from the co-ordinates of dhe objects and dhe camera, 
Wee cannot know the intringic quality of the events at the 
camera which cause the pholograph, bot we can infer a certain 
similanty of structure between these events and onr percept 
of the photegraph. All thus leads us to the motion of groopa 
af events armanged about cimtres, the centets havmg ito nach 
tther relations whose caosal properties tan be inited fom 
félationt between certain of our percepls. That is to say, 
given & group &, of which one tember is & percept pf, aml 
another group &', of which one mamber is a percepl p", i r, 
a, pare the co-ordinates of 9, and 9,4", ¢ are the co-onimates 
af #', thereis.a relation between f and é' which can be inferred 
from r,@, ep aod, @, @. These facts give the grognds for 
Tegerding space a5 objective, though, even on the basia of 
these facts, the space whith 1a objective will mot be identical 
with the space of pertaption, but saly cortelated with, it. 

The events which caust 4 photograph obviously take place 
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at the sorlace of the photographic plate; what happens beter 
thinaod the object photographed consists of causal antecedents, 
rot of the imondiate cause. And the cesokting photograph iv 
in the Plate, mot in the object. Similarly the events which 
are the inmmucdiate causal antecedents of our percept are im 
the aye and optic nerve, and the percept is in us, met in Ube 
outer world, when we are speaking of physical space. The 
whole of our perceptual world is, for physics, in oor heads, 
since otherwise there Woakl be a epatio-temporal jump between 
Flirmulos and percept which would be quite unintelligible. 
Any two events which we experience together—«#. a noise 
and a odo which we perceive to be simullaneons—are 
“ commprosent.'' I should not say, however, that two percepts 
which are act both “ canstiqus " met be compresant. Two 
vents arc conprésent when they fon together one causal 
tut or part of one-this i3 a sufficient, but perhaps oot a 
necersary, Condstion, When te percepts are caperenced 
togeiher, they are thes causally conjoined; but when cither is 
“wanconscigus ' they may oot be, and therefore we cannot 
be sure that they are compreseot. It is not necessary, con- 
sequently, to suppose that the mit occupies a ment point in 
piysical apace. 

jit in mow necesgary to point out the limitations to the 
accurmey of the above accoont. In the first place, there are 
departures from the laws of perspective which can be easily 
fitted In—opaque bodies, prisms, lorking-glasses, echoes, atc, 
These cases are omay because the departure fom regularity 
an regards ome sense bs atonipanied by evidence, from another 
amt, of the existence of a physical object at the conor of the 
disturbance, or at the apex if the disharbance in conical, like 
a shadow. The there are the capes where a physical object 
is inferred froma the disturbance, although there is oo direct 
evidence of ita eximence. But pone of these are really im- 
portant. The two important matters are; (1) The difficulties 
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about measurement; (2) the difference between a percept a9 it 
stins and a stimules as it is inferred. 

(x) The difficulties aboot measurement haye already been 
discussed, bat we most cow endegvour to reach conchsigne 
about whem. As already pointed ont, ever measurement, 
however inaccurate, records a fact, thoagh not abewys the 
fact which it is intended tp record. We saw a moment ago 
that, ii wa measore ihe co-ordinates f, 6, ¢ of an object to be 
Photographed and of a cumber of cameras, we can make 
inferences a5 te the pictures which the variggs cameras will 
make of the object, We inferred that the co-otdinates repre 
sented relations to our body which have certain peculiar 
properties of the sort called geometrical, in the sends that when 
we Iovew the coordinates af tye bodies relatively to ourselves, 
We Gan infer their co-ordinates reistively to each other, All 
this is ondy roughly true il our measurements are careesa: in 
that case, when we mean to discover intringic relations, we 
are only discovering very complicated relations invalying cnr 
sthée-tnpans and perhaps oven our desires, We seek a 
technique for ehmanating all cittumstiances except those with 
which we wih ta be concerned, and to a preat extent we art 
guccessiyl. Hut relativity informs us that there ts a reside 
ef variability in meagores which cannot be eliminated, became, 
in fact, the relations we try to meature ate partly non- 
existent. G1, more correctly, they ara relations involving 
more terms than we thought they did. We supposed that 
cootdinates represented relations to the axes. Hot if we bad 
tuto bobs of awes momentanly comctding, while one was moving 
relatively to the other, the co-ordinates of an event would fot 
ia general be the satie with respect to both, Aged we cannot 
even, OF acy etrict sengé, ditover any ézact relation between 
distant points sock as conld give physical significance to co- 
ordinates, The appaarance to the contrary is only an approxi- 
mate truth, which canaat be made precise. 
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All this reptetent a failure of correspondence between 
physical space-time and perpetual space and time. If we 
assome that the bomag bed mores in a geodesic, perceptual 
time mozy be identified with the integral of as taken along that 
geotiesic, while perceptial space consists of orrtam relations 
between simoltanseus percepts (the word “ simultanccue 
raises wo difficnlties, since all percepts are in our beads), partly 
themselves perceptual, partly inferred, but all post what they 
art, whatever phytics may ay. There ate certain respects 
in Which We can modify perceptual space to suit physics, and 
certain other: in which we cannot. We can, for example, 
infer thal percepts consist af imperceplible paris, if physics 
gives ws ground for thinking 90. Eut where we perceive some 
relation between percepts, we cancot deny that there is such 
& rélation, however litth physics may allow it to subsist 
between the objects said to be pétecivedL The rule is: We 
can infer extra complexity of structure in percepts if physica 
requires il, but, however much physicy may require it, we 
caonot infer a smaller complexity than is demanded by the 
stody of percepts on ther own accoomt. In the world of 
percepts, the distinction @etereen space and time dees really 
exidt, and space docs really have certain properties which 
relativity denies to physical space. Thos to this extent the 
corfespondence between perecptual and physical space breaks 
down, and measireamnent, which las to do pomanly with 
percepts, fails to give ws quite sich good data as we hoped to 
bbtain for inferences as to the physical world, 

(z) [ come now to the diflerence between a percept as it 
seems and m stimula at it id infected, But this 4 not the 
whole scope of the problem to be discumed,. The word " per- 
eoption " implies relation toa physical object; we are supposed 
to" patesive a chaz ora tabk or a fetson. H phynics is 
entrect, the relation of a percept to o physical object ia vary 
Temote and cunows. Th obdinaty cases, we ate objects by 
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fasans of light which is reflected or scattered, which increases 
the complication. To take the simplest possible case, let mn 
foppodt that we aft seceug a plowing fas. The percept scema 
to be a patch of bright colour of a certain shape, senubly 
continieus: in perceptual space, and approximately consiant 
im perceptual time. Perception gives knowtedge only im so 
far as thia percept corresponds to what is really taking place 
in the gas. Now if physica is true, there sre pteat didlerences 
bebween the apparent stodtture of the percept and the real 
structure of what is taking place in the gas. (Differences 
other than structatal may be ignored.) Instead of something 
steady and continuoas, such as the percept seem to be, the 
"process in the gagis suppoged tobe a large number of separated 
sodden discrete upheavals, ft is (rus that there are important 
simikunitios between the percept and ths physical event. The 
shape of the percept corresponds to the shape of the region in 
which the upheavals arc taking place, with the limitations 
Taentioned just noe in comection with measurement. The 
polpor of the percept comesponda te the amount of energy lost 
by each atom in an upheaval, The constancy of the percept 
corresponds to the statistical constancy in the mate at which 
upheavals occur in any not too smaft portion of the gas. Thos 
everything in the percept represents & statistical fact about 
the ges, with the oxception of the colour, which is sapposed 
to fepresent «fact about cach atom. This, by the way, if a0 
odd reversal of Locke's dictum aboul secondary qualities: the 
colar is the must nearly ebjective of all the elements in the 
percept. 

These differences arc afl of one iood in & cértiin respect: 
they attriltite seors sttuctore to the physical occurrence than 
to the percept. This is in line with the general principle that 
the relation of distant to near apnearances is one-many, 20 
that diferences in the percept impdy diferentes in the object, 
but pot vine versa. The Ser structure of the object iy all, in 
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the last analysis, inferred from the grosser stracture of percepts, 
but it involves the comparison of many percepts and the 
search for invariable caosal laws, in the manner which we 
conmidered in Part (0. There is therefore no inconsigtency 
in bbe view that the phivvical event differs from the percept in 
the way Fuggested by physics, since Whe diffcretice comsticte 
in attributiog mote structure ta the phytical event, not in 
denying to it those elements of sbroctare which are possessed 
by Che percept, 

Te in possibde, if we choose, to attribute to the percept the 
sama structore a3 that possewed by the physical occnrrence, 
or rather the same structore a9 that possessed by the immediate 
axternal stimulus. Tt cannot be proved that this hypothesis 
is untrue, bot it is less usefnl than it might be sopposed to be, 
because only what is fmows aboot percepts is epistemologi- 
cally important, and éuch structure, if it exists, is certainiy 
uaperceived. ‘What we unly discover about percepts by micans 
of inference dees not belong to the part which affords pre- 
misses for science, but is, from the standpoint of theory ef 
knowledge, in the same position 45 c¥mbtt in the external 
wold Therefore, atthough percepts tay have an unpercecived 
structure, this does oot diminish the significance of the fact 
that the sbrocture we percdipg in percepts has only a one-many 
relation to that of their stimuli. 

The question canst be faced: Is physical space-time perhaps 
mech mie oulike the apace and me of perception than we 
have supposed?) Have we beer victims of imaginative Lazi- 
ned in oy merely piecemeal modifications of common-senge 
prejodices ? Dr Whitehead, most emphatically, is not open 
to such a charge: big “fallacy of simple lotaticn,"’ when 
avoided, eads to a world-giructurs quite different from that 
ef common sense and early science. Brot bis structure depends 
upon a logic which { am unable to accept. namely the logic 
which sappose that “ aspects’ may be not quite alike, and 
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¥et may be in soos sense numerically one. To my mind, soch 
a view, if taken seriously, is incompatible with acience, and 
invelves a mystic pantheiam Bot I shall not parse this 
topic here, having treated it on former oreasions, The 
question I wish to ask is: Without adopting herpic meapores, 
what could we suppose about physical space-me, if we were 
Enns to preserve what is probably true in physics, but not 
ammious to kecp as near ag possible to common stise? Ip 
partionlar, can apac¢-time itself be atemic, as the existence of 
the unit of action & scents to Sugeest? And Grét, how are we 
to conceive “ action ''? 

Action is usually defined as the time-integral of comrgy; since 
energy can De identified with mass, “action” may also be 
Gefined as mass multiplied by time. Gravitational mass is a 
length: ¢¢. the roads of the sum is a47 ilointtocs.* Since 
gravitational and inertial mass are equal, we ought repurd 
action aa length multiplied by time. Pr Jeans (Atsmicdy and 
(hung, p. 8} sare: 

" There can hardly be an atomicity of the comtinonmm itself, 
for, if there were, a universal constant of the physical dimen 
sions of spaoe multiplied by time onghl to pervade the whole 
of physital science. Nothing of the kind is even suspected, oor, 
so far ag] know, has over been so mech as gormised, Thus 
#ience cao to-day proclaim with high confidence that both 
SPACE BO tio: are continues,” 

In this passage, the ‘high confidence “ seams to me to gO 
beyond what ia warranted, If there were a scientific gain in 
conceiving the space-time structure atomucally, f do not 
believe that any theoretical arguments to the contrary could 
interpage a webo. Afpuments ftom dimonsiong, such a3 
Th Jeans employs, have no ionger the dafinitemess that they 
had before the introduction of relativity. As we have }ost 
amen, Wo coidd define “actiqn "so that its dimensions would be 


* Eddington, op. ei., p. Oy. 
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length multinked by ome. Now there is a worversal constant 
of action, oameély & = Perhaps, if we were to take action a 
oot of the basic cogerpiions of plyaics, we might be able to 
conttruct a piysics which would be mtomistic all through, and 
yet would contain all that is verifiable. I do not " proclaim 
with high confidence’ that this is powibk; 7 only invite 
attentioa te the hypothesis, a3 worth investigating an the 
chance of ile affordmg a simplification eof the conceptual 
apparatus of physics. In the following chapters, this hypo- 
thesis is to be borne in mind. 


CHAPTER AXAIIL 
PERIODICITY AND QUALITATIVE SERIES 


Tue pétiodic character of many physical occurrences has been 
ebviods ever singe men observed ther own respiration and the 
alternation of might and day, but tt has acquired a quite new 
importance with the discovery of the quantum. The quantum 
characterizes a whole period of a rapid periodic process, not 
any one moment of the period: it thus requines us to consider 
the period a5 a whole, ad in sous sense ceverses what has 
hitherto been the trend cf physical laws, namely to proceed 
away frotm itegrals towards differentials. It will be re- 
Tmeobtred that the quantum principle, as enoncated by 
Wileon and Sorumerteld, states: Given a periadic ar quaci- 
pétiedic process, the kinetic energy of which has been expressed 
by micams of '' separated " co-ordmates, if @ 1s any oot of 
these c-ordinates and £4.15 the kinctic energy, then 


where the integration is to extend over one complete penod 
of gq, and *, is 4 small integer which w the qiantum number 
aticiated with gg. This Law is essentially concerned with a 
whole period, and thus make: periodicity fundamental in 
physics in quite a new way. 

Before going further, it will be well to comsider how far 
periodicity retaing this importance a the sewer quantum 
mechanics inauguraled by Heisenberg. For this purpose, 
we may concintrate attention upon the one jondamental 
equation inynlving Ain the pew system, This equation tales 
tha jorm :* iL 

*M. Boro and 2, Jordan, 


Phypuik, 4. 9. 871, Ano Mf. ] 
ih, 55, B. gO. 
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where } and g¢ are matrices, ¢ being a Hamiltonian co-ordinate 
in the new scusc, and ~ the corresponding “ impulse," alse in 
the gow sense; whik 1 is Lhe unit matrix. This equation is 
ateerted bo held for ad motions, not onty for such a4 are periodic. 
But in the case of motions which are not periodic. it gives a 
result whith approximates to that of classical mechanics, 
Thus it remains the case that the new mechanics is only 
necessitated by periodic motions, although it is technically 
Pesaible to find a quantum principle which is also applmble 
to non-panodic motions. Hence the importance of penodicity 
Teaming intact Grom an copinical point of new, though some- 
what diminished from the point of weew of a Statement of 
fundamecotal taws. In any case, it remains sufbtiently 
important to demand a separate discussion. 

Traditionally, perindicity in physics wae 2 question of 
Taotion: a body describyd he same path in apace over and 
over again. With the coming of relativity, it has become 
necessary to modify this account somewhat. In space-time, 
every point has a date, and cannot be occopied twice; neither 
the carth nor an electron can desenbe again ibe orbit it 
descobed of a former otcamon. And penodicity will be 
relative to & given ayslec of cu-swdinates: if, in ohne syelem, 
a co-ordinale runs through 4 given range of values repeatedly, 
and always in equal times, it may happen thal, in another 
gy3tem, even if there is an oscillating co-ordinate, ils periods 
are not all eqoal. A change of axes may even take away all 
trace of periodic character from a process. Since, however, 
the qnantaum principle compels us bo treat periodicity a9 
physically important, it would seem that we must regard it 
aaa character belooging to a process when referred to mwen 
which move with it, since this woukd overcome the difficulties 
coumected with relativity. Ti, in certain cases, this method 
4 not open Lo ws, ame other must be found which eqnally 
avoids these dificulties. But where processes connected with 
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Matter (a6 opposed to clecbromagnetic proceasta) are concerned 
we shall, I think, Gnd no other possibility except to tale anes 
which move with the matter concerned, But thia mekes it 
impossible bo treat periodicity as fundamentally a character 
exhibited ina motion, since we have reduced to rest the body 
in which the periodic process is taking place. Tha suggestion 
1 have to make is that, fundamentally, periodicity 1a con- 
shituted by the recurrence of guattice. 

In the present chapter, I wish to consider what can be 
meant by the “ gaalily of an event; I wish ae Lo investigate 
the commection of quality with causality and motion and 
periodicity. 

Physics traditionally ignores quality, and reduces the physical 
word to matter in motion. This view is no longer adequate. 
Energy ture out te be mora important than matter, and light 
POSSESSES TEDY properties—vy. gravitation—awhich were 
focmerly regarded as characteristic of matter. The sub 
skitation of spanc-time for space and time has meade it naturel 
to regard events, rather than persistent substances, as the 
raw matena] of physics. Goantom phenomena have threw 
@oubt on continuity of motion. For these and other reasons, 
the od simplicicies Rave disappeared, 

Wher we start roto perception instead of from mathe- 
matical physics, we find that the events with which we are 
best acquainted have “qualities,” by means of which they 
can be arranged in classes and series. All colours have some- 
thing in common which ig oot Pesesed by sounds, Two 
colours may be sc qimilar as to be almost or quite indistin- 
guithable, but they may also be very dissimilar, As Gastail- 
fiyrbologie has eroplsized, shapes are perceived qualitatively, 
not analytically as & sytem of interrelated parts. But this 
whole conception of quality, which plays goch & forge part in 
our perceptual life, bas been wholly absent Irom traditional 
poytecs, Colours, sounds. temperatures, eic., have af] beep 
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regarded as cansed byt vartogs kinds of motions. There way 
no objection to this a0 far a6 it succeeded, bot, if and where 
it proves insufficient, there can abo be oo objection to re- 
introdacing qualitative differences into the physical world. 

There is, however, one essential limitation. We may find 
Teasons for supposing qualitative differences, in order to be able 
to Guild wp Ehe kind of steuctire which we have inferred ; bot 
we Canoot have any means of knowing what are the qualities 
which differ. This point was coscuseed in Part 11., and need 
Bot pov debi WE, 

The apparatus so far assumed, apart from qualities, has 
been: co-punctuality, cause-and-eAect, and the quantum 
laws, Josey “ cagse-and-effect ' becauae it ip necessary to be 
able to distinguish the earlier from the later event in 2 trans- 
action, aod this is a smaller assumption than that of « general 
toe-order among ¢veots in ome causal series. The above 
apparatus sufficed except for coe purpose: that of defining 
“repetitions.” The possibility of repetition is at the botlom 
of the comumon-serst dislinction bebween space and time; the 
Substitution of spact-lime shoukd, one might suppose, make 
repetition imposible, and yet the whole of what is distinclive 
in quantum physics, and the theories of light and sound, not 
to mantion olber mdtters, depend upon pereodicity, which 
involves tepetition. So long as we had billiard-balls moving 
in an ooichanging apace, we codld be content wilh repetition 
efi configuration. But now spatial distance, which is essential 
to configuration, bad to be analyeed inte an cleborate indirect 
relation depending upon the existence of common cousal 
ancestors or descendants. We mos, therefore, ba able to 
distinguish among events by means additional to their apace- 
time relations, 

There is, bowsver, a consigerahls difficulty in finding lawa 
governing what we are calling “qualities.” In a world of 
continuous processes, ane wook) my that qualities mot 
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changes gradually. Hut in 4 quantum process they apparently 
change suddeniy. Perhaps, however, thia suddeoes does 
mot exist in a steady rhythmic process; of perhaps, even if it 
does, it may invelye amall changes producing a serial character 
in the successive qualities, Take, for exampk, the revolotion 
Of an electron abonta nucleus. In the newer quantum theory 
this dors not mally occor, but we may consider how rt could 
be interpreted if it were necessary fo assume it, Let us osake 
a fantastic hypothesis, parcly for illustrative purposes: Let te 
suppose thal the electron and the nuclens can s¢¢ tach other, 
and that neither rotates on its own amis. Then they will get 
pictures of cach other which change doing each revolption, 
aod fepsat the cyole of changes each time Now jet cs tum 
this hypothesis round, and begin by assuming the recurrent 
sors of pictures. From this we can infer the revolution of 
the electron, provided we are free to construct space a5 we like, 
subject to certain formal lawn Now jn fact we bave this 
freedom: the “space in which the electron revolves need 
wily bave certain abstrack mathematical propertics, and, so 
long 43 it has them, it may be constroocted owt of amy material 
available. So long a9 the electrog continues in one ofbil, we 
Tay coMceiva, at any rate a3 & athematic simplification, that 
there ik 2 persistent event EF which may be taken as repre- 
sentative af it, and in Like manner that there is a persistent 
avent F raprescotative of tha proton. Nor let 05 suppose that, 
compresent with F bot not with each other, there are successive 
avents fi), pf. Ay... Which “may be ragarded as “ aspects” 
of the protoa, and are related to each other more ov lesa in the 
way in which the appearances of the proten from diferent 
faces would be related if the electron could see. Similarly 
let as mamicoe @ seflts Of events a, oy. fy. .  CMpTesent with 
Po but mot with each other, analogous to what would be 
appearances of the slectron to the proton if the proton could 
me, And let os further suppose that, after a certain set 
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of such ovents, an exactly similar set recurn, OF a ¥ery approni- 
mately similar set. This sopposition provides oa with the 
material required for a pericdic relative motion, We shall 
aay, Oherefore, not that perspectives differ because spatial 
relations change, but that change in spatial relations consists 
of systematic alteration in perspectives. Such a view is 
feasible, bor it makes similarity and diflerence of quality 
esential, lt cesses to be fantastic if we drop the analogy 
With Vision except as regards purely formal characteristics. 

Let os oow set forth the analysis of a periodic process 
suggested by the above, bringing it inte relation with the 
constraction of points in Chapter AXVITT. Let us assure, 
to begin with, that the process is discrete; this hypothesis can 
be dropped later, bot simplifies the initial statement. Sitppose, 
for the sake of illustration, that there are ten qualities, 7, d. 
Mp. 4 Mp, and that there exist events 
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which are subject to the following conditions: 

(2) yy igs Ios =. - ave the quality gy: ey, ayy, 
have the quality g,, lc. 

(z) Each of the a's is compresent with its immediate ncigh- 
boar to left and right, but with none of the other a‘s; 

(3) [i mon, any pomt of space-time of which «, but not 
«, 78 8 orsober haa a time-like interval from any point of 
which a, but mot 4, 14 a member. 

In that case, the sttics of a's constitutes @ periolic process, 
having tm a's in tach period. The last digit in the sudix 
of an « indicates the quality of the a—i.e. if the last digit is +, 
the quality is g—while the remaining digits indicate the 
oumber of the period. 

Tif all the o's ave events in the history of ane piece of ovatter, 
that place of maatter is undergoing the perkxdic proce. if 
thers is © correlative series of 4's in another piece of matter, 
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the twa periodic processes together make up one relative 
motion of a periodic character, such as the revolution of an 
electron aboot & proton. 

Generalizing the above, while ctill assuming that the process 
is ciscrete, suppose we have ¢ qualities oy. gy... . g,, ada 
get of events 
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whore, a8 before, the last miffix indicates the quality, 34. me, 
bas the quality gy jazz}. Suppose, also, that tach # is 
cormpresent with A of its predecessors and 2 of its successors, 
Where 29 -2<¢F> but that mo ais compresent with any a except 
these, The revoaining axsomptions ate to be as before. Then 
again we obtain a thytho which may be teparded as an analysis 
of periodic processes in physics, 

Howe suppose What the a's are not compreyent with any 
events ekcept the other specified a's, then the group ai a's 
with which a piven ais compresent constitutes a point, which 
may be taken as the middle point in the duration of the sm 
qucttion. We can take this point a5 representative of the a in 
question, since the reletionisone-one, Thusthe 4 in question 
is astocated with a pomdt, in spite of the fact that it lasts fora 
Brite tind, 6.2. 18 Gnapresent with events nok compresent with 
each other, 

Tt is to be observed that, according to the theory of space-time 
in Chapters MAVWIII. and XXIX., it is quite possible for same 
parts of space-time to be conlingaus and othr dtecrete, 
T am supposing, at the moment, that we are coosiderme 2 
periodic process in a discrete part of space-time; this doce oot 
involve the hypothesis that af space-time is discrete. 

Ii the as in one perindic process, a9 we supposed a moment 
ago, are not compresent with any events cxcept certain 
neighbouring as (which must be fewer than the whole of ane 
perrod), then the number of poinis im a period is the eames ms 
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the momber of 2's, aod either afforts a measure of the dorgtion 
ad the period, measured by its proper time. Tt is obvicms that, 
in a discrete part of epace-tide, the natorel meascre of distance 
will be qomber of intermediate pomts, We see also how the 
Proper time cf cme process can differ Irom that of another, 
Let ws soppose that oor a‘s form an “isolated” process fie, 
are fot compresent with anything except other a's), excorpt 
at the btgining and end; the frst ard last a’s are to be 
compresent with the first and last terme of another peviodic 
process composed of b's, which also js to be isolated axcept 
at iteemkds., Then the proper time of the &- process is measured 
by the number of 4's between the two tnd, which need not 
have any relation lo the number of a's. This illustrates, what 
of course follows from relativity, that petiodicaty must be 
mesured by standards intringic to [he proces. concerned, not 
by standards appropriate ta other periodic processes, Such 
remacke would hardly be mecessary bot for the fact that 
relativity and quantotn theory at present stand apart fom 
each other, and have net yet been brought into «me whale 
by the physicists. 

The above can be staled in the language of mathematical 
logic, (hereby making the character af the assumptions charet 
and the generalization to continuous processes easier. Let O be 
the series of qualities, A the series of events in the rhythmic 
process, Let o9 imegine the events arranged in rows and 
eolumos, #0 that each row consistg of one period and sach 
column consists of ail the events having 4 given qualily. We 
aasume a one-many relation 3, whose domain ig the field of @ 
and whose converse domam is the feld of Ad. When g haa the 
relation & to a, we say ‘a Has the quality ¢ If a is any 
term in the field of 4, let ¢ be the term which has the relation 
S tog) then the next term below @ in the same colucon ifs. the 
corresponding « in the next period) is the first tertn a’ in the 
@ sevies which ui after a aad to Which g has the relation 5. 
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The " row ofa '* congigta of all a's earlier than a’ and not earher 
thane, The" column of a” consists of all a's to which g bas 
the relation 3. We assume that 5 with its converse damain 
limited to one row is one-one, 46 that each row (72. sarh period) 
is a serie which is similar fin the technical sense) to the 
terion ff. 
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There is no difficulty in adapting the above analyws of 
penedicity to continogss processes. Instead of an eoumerated 
set of qualities gg... . . We Shall have to take some con- 
tinwous series of qualities, such as the colours of the rambow, 
or the notes produced on a vidlin by munning one's finger op 
and down the string. The number of events compresent with 
a given erent must cow be infinite, but must still be less than 
the whole of ane penod jignering eventa autside the procesa 
foincemed)]. The number of points in ane period, or in any 
Gnite portion of it, is mew infinite, and cannot therefore be 
wed as a measure of distance. Thus in regard to metrical 
properties Cherm are important differences bebween contingoug 
and discrete processes. However, | shall not emlargs opoo 
these, as [ propose to consider the analysis of “interval” 
it a later chapter. 

Hitherto T have been considering processes Which may be 
regarded as taking place in matter, or which, at any rate, do 
opt move with the velocity of light, But light, also, ia 
commons regarded as consisting af a periadic process. Accept: 
ing the wavetheory of ght, Ist us proceed to mnnlyee its 
periodic character. ‘We shall find that it differs in important 
respects inom that of periodic processes in matter. 
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The periodic character of a light-wave canset exist from 
itt own point of view, but only from that of the matter which 
it enteuniter or from which it radiates, We may support 
that when light rachates from an atam at the time of a quantum 
Change, there is, from the point of view of the atom, a temporal 
series of what we may call " lumindus events, and that this 
seTies ig periodic in the sensé which we have been oottidering. 
One period of such iuminens ovents cotcttitobes the emission 
of cue iight-wave. If we suppose that the light is absorbed 
by anther atom, we may suppose that each of the Igminows 
evenis ig cGinpresent with certain events in the absorbing 
atom, as well as with certain events in the emitting atom. 
As measured by the proper times of the wtoms, the tine-omder 
of the humittoos events is the same for the two atom, But 
from thé point of view of the lonunous events themoelyes, 
Ehere is no periodicity. 80 long as the light does net encounter 
ouetter, it cotudets of scpardied events which at most “ tench" 
Og¢ Other event at cach boundary; the traveller whe accom- 
panies one Of the events can have Wo cogmiance of any of the 
olber events, Since they cannol catch each olher up. If we 
could imagine a homunculus floating on the crest of a light- 
wave, he woukd have no meats of discovering that anything 
periodic was occurrmg, smce he could not “see” the qiher 
parts of the wave. The different parts of a light-wave cannot, 
in a wood, interact causally in any way, because oo causal 
action can travel faster than light. 

We cannat even properly speak of a periodicity in the Light- 
wave foc an observer who watches it pass. We can only eee 
light by stopping it. This applict to such phenomena o 
interference, which is only made visible by allowing light to 
mupat matter. It is iroe that interference gives 04 & proud 
for inferring structore: two processe] can neutralize each other, 
tot nwo “things cannot. Tf 4 owes 3 a pound, and 2 
geres 4 oa dikes sum, the cesolt is ceTo; but if A bas a pound in 
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his hand to give to 2, and 8 bas » pomnd in bis hand to give 
te A, there wre too pounds, Wheterd the smo of boo occur 
rences fan ba glt, both occurrences must have a relational 
character, Thos we are justified, by such facts as interference 
patterns, in supposing that, when Hight fale on a body, the 
body experiences a seties of ovents whose affects upon it are 
of oppodte kinds, a9 if some poshed ft ofe way aod some 
another. But all this 15 from the point of view of the body, 
not of the light. Thus the frequency of light ie 8 characteristic 
whith exists fer 4 body which emits Lght, and for s body 
Which absorbs it (e.¢. the body of a scientific obgerver), bot 
not for the Ligtet itselt phlei! is be oacw, 

When light is emitted and abagbed, we may therefore 
joppese that what happens 6 according to the inllowing scheme. 
We have a temporal series of events in the emitting body, 
and, compresmt with cach of these. a luminous event. These 
Varnes events, arranged in the timeorder of the onnpresint 
events in the emitting body, foom a periodic process in the 
previews S402. Each of the luminous events is also compre 
sent with, come event in the absorbing body. ‘The time-order 
of the ovents in the absorbing body is the same as that of the 
ovetts in (he emitting body; t4. ifz, 2" are events in the emit- 
ting body, compresent respectively with £ Pf, two hoummous 
evonts: and if i. f avs respectively compresent with «. a’, 
two events in the absorbing Body, then if « is earlier than 2’, 
ais sarlier than &’. What happens to light-waves which are 
émnitted bot pot re-abeorbed we cannot tell, since, by the nature 
of the cage, there can never concemably be any evidence on 
the point. 

According to the above, the eqnency ef a light-wave is & 
characteristic which it bag in relation to matter, not in relation 
to iteeli. Io this it differs from, «g., the periodicity im the 
revolution of an electron, which may be snppesed to axist 
for the elestron itead. 

a4 
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The chief point af the above hypothesds js the mggestion 
that single “Jomincus eveots" extend from the emitting to 
the abheorbing body. I do not advance it as anything mort 
than a possible hypothesis, One of its tnain purposes is tp 
account for the fact that the interval between two ports of a 
light-ray is zero; bot this part of the arrument belongs to a 
later chapter. 


CHAPTER AAAIY 
TYPES OF PHYSICAL OCCURBERCES 


Im thia chapter, I proposs to advocute a division of physical 
occurences inte three types, which I shal call respectively 
steady events, thytiums, and transactions. The phrase 
“steady evenig” in formed an [he analogy of "steady 
motions,” though the events concerned are oot supposed to 
be motogs Rhythms are periodic processes, such as we 
conalderd in the preceding chapter, Traosactions sre 
quantum changers, in which eoagy passes from oon syttem 
fo another. “The ews goveroing different types of eooarrences 
are different, and it i oecetsary to Soperate them before 
enbarking upon a general discnakion of physical catinality. 
The traditional view, that physics is conceraed exclusively 
with matter in roation, cannet be maintained, fora oomber of 
reasons. In the fet place, the ether, even if it can be gaid 
ta exist, cap hardly be regarded as having a granular structure, 
and events in it, och asthe passage of light, cannot be explained 
as gvements of particles of ether. In the second place, 
quanti changes, Ul they really are suckden, violate the con- 
tiawity of motion, and thas destroy it: advantages a5 an 
imaginative picture. In the third place—and this is philo 
sophically the moat important point—the conception of motion 
depends apon that of persistent material substances, which 
we baye a¢e0 reason to regard as merely an approximate 
empirical genaralizabion. Before we can say that one picer of 
Toatter bas moved, we most decide that tbeo events at different 
tints belong te one “bingraphy,” and a " biography” is 
deGned by certain causal Jaws, oot by persiabenee of substance. 
Conpxquenthy motion is pomething comstructed in accordance 
445 
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with the laws of physict, or—we might ay—as a coven 
in stating them: it cangot be one of the fondamental concepts 
of physica, Lastly, there if an afgument which is difficalt 
to stkit precisely, but which nevertheless has some weight. 
For Newton, motion was absolote, and a body in metion 
Tight be regarded a3 in a different state from a body at rest. 
But when motion was recognized a5 merely relative, laws of 
motion became lawy as to relationy to more or Jess distant 
tedies. They thus came to involve somuecthmg like action at 
a distance—though this was disguised by the use of differential 
equations not always interpreted according to neid Wreier- 
strasman opcthods. Tf we att to avoid action st a distance, 
oor fandatmental dews must be concerned with terms having 
finite spabe-temporal extension, and thos capabk of contact 
and overlpping—in 4 word, with events rather than particles 
or iupenetrable material units, This involves a re-interpre 
tation af motion as it occurs m physica, which will be con- 
sidered in a later chapter. For the present, | am concerned 
with the materials which will be required for this purpost ag 
well as for the interpretation of other physical phenomens, 

A steaty event,” as To ase the term, is anything which 
is deverd of physical structure and is compicemt with events 
which are not conpresent with each other, but are one earlier 
and the other later: in other words, the steady cvant is a 
member of at least tro points which have o timedike interval. 
When 2 steady event 9 contrasted with arhythm, it is assumed 
that the steady event is pot part of a pericdic process; bot it 
cannot be taken aa certain that there are any elementary 
evens which are nol paris of such processes, Tt may be that 
all non-periodic changes ocomr by way of transectioms: but 
this must be an open question in the present state of now 
Inige. 

A“ rhythn,” a9 already axplamed, is a recurring cycle of 
events, in which there ig 4 qualitative similarity between 
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Gniéspoiing member of different periads, A rhytien may 
have a period consisting of a finite poo ber of events, or one con- 
sisting of an iifinite number; it may be discrete or condone, 
Tt it is discrete, the proper tim of ene period 14 measured by 
the nutuber of eventt in the period, and the ‘ fegoeney 
of the proces ig the reciprocal of this number. But bere we 
aft speaking of the ireqnency a3 meaqored by the time proper 
to the period; by an extraneons time the frequency may be 
quite different. What is commanly called the trequenty of 
a light-orave is its frequency with respect to axes fixed relatively 
to the emitting bedy. [te frequency celative to axes which 
travel with it ig zero; this is ooly the extreme of the Doppler 
‘fect. There ij perhaps a certain inconsistency in the 
Practice of stodying bodies by means of axes which move 
with them, while light is always treated with reference to 
material axes. Ti wn want to understand light in itself, not 
in its relation to omatter, we coght te lat our waxes travel wilh it, 
In that case, its periodicity is spatial, not temporal; it is like 
that of corrugated iron. From the standpoint of the light 
Thself, each part of a light-wave is a steady event in the sense 
defined above, 

One of the most fundamental of chythmic peoceses will be 
the revolittion of an electro about a nucheus, unless we acrept 
the view af the new quantum meshanics, acconding to which 
there is no reagan ta suppose that this really occors, In the 
Botu-Sommeriehl theory, this revolution goed an by itself until 
it is altered cither by a quantum change of by some more 
ecventional chemical or electrical action, The question 
arises: why should we suppose that there i6 a process at all? 
Why not suppose that there ig 2 steady event, poeerased of a 
certain amount of energy, which is mplaced, in a quaotom 
change, by another steady event, possessed of a diffarant 
amount of energy, the balance being radiated or absorbed? 
Thove ig a certain attraction about this hypothesis, siace thn 
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atom give: na eaternel indication of ity pretcoce while the 
Stepped process continues, and therefore there ran be no 
direst evidence that changes are occuring, Buch #5 4 steady 
motion supose. In any case, ii an electron is revolving 
Trond a proton in a cintle, and beth are spherically symmetrical, 
it iy not easy to see, trom a felativist pednt of view, exactly 
what is meant by saying that the electron in revolving. This 
difficulty ig not diminished by the hypethesis of spimning 
éhttronm. We bave the same difficnlties as in tha case of 
absalute rotation and Foucagit's pendulum—the difficulties, 
namely, which Newton advanced to prove the nevessity of 
absolute motion. Within the system consisting of the electron 
and proton alone, nothing is changing while the cleciron 
revolves in its circular orbit; the change is only with reference 
to other Bedies. Why not regard the state of affairs as stalk, 
Ett postessed of @ certain amonnt of energy tt) =6Energy may 
be altered in amount by a change of aces, and is not an invariant 
property of the system; but refeteoce to the outers world 
bere is Legs serkous, slice) the only purpese served Dy Che enetgry 
of the atom is to provide physics with something which can 
be radiated into the outer world or absorbed irom it. ‘That 
is to say, energy is reqoired onhy as something whose changes 
gover the carsal relations of the atom with the outer world. 
This point of view is esgentially chat of the Heisenberg theory, 

There ate stveral apparent difficulties in such a view. In 
the Gret place, the fermols ft ¢oergey chtamed on the assamp- 
tien that the electron revolves elves exactly the changes of 
ehttgy required to account for spectroscopic phenomena: 
the Bobr-Sommecielhd themy agrees with obvervation 
minutely that ite formula for eserey nvast be eccepted. 
coarse we could aay that the energy just Lappens toe be what 
it would be if the electron revolved in one of the quasi 
erhite: bot this would seem an alvosl miraculous coincidence. 
This, bowever, ip oot the erongest argument, which is that 
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detived Eom the quantum principle. The quantum principla 
in ite older form can only ba applied to periodic protesaes: 
if it is to apply, as we dnd that it does, to the mterchange of 
energy between light and the atom, we must aséume, if we 
edbere to the older theory, that within the atom there i 
pormething that can be called a “frequency,” i. something 
which is periodic, which compel ws to adknit that, withio an 
atom in @ steady slate, there is a fPeéechiring process who 
formal properties are those which would be exhibited by 2 
revelution of the dectron, and perhaps also by a rotation. 

TE we adhere to the Bohr theory, what can be supposed to 
be really occurmmg? [i retative motion were all that was 
taking place, we should have aither to find an interpretation 
for the spinning electron, a else to say that, taking ante 
fixed relatively to any large body, the line joining the electron 
io the proton rotates rapidly; amy large body will do, since 
mone rotates with ap angular velocity comparable to that of 
the electron, Ehit why should the electron be interested m 
this fect? Why shoald its capacity foe emitting light be 
coniteted with it? There mast be something happening 
where the electron is, if the process ia to be intelligible. This 
brings ws back to Maxwell's equations, a5 governing what is 
omTing in the medion. And there must be a rhythmic 
Charatier in the events occuring where the electron is, if we 
are to awoid ali the troubles of action at 2 distance. 

We guppese, therefore, that throughout an electromagnetic 
Meld there are avenis whose formal properties we know mer 
or iess, and that they, not the change of spatial configuration, 
ate the iaemauiiala coos: of whal taves place, This brings 
us heck to the cycle of avents which we used ia the preceding 
chapter to define a rhythm. ‘The point is that a rhythm can 
never convst merely in periodic changes of spatial relation 
between two of foots bodies, but mast comaist of qmalitetive 
cyrles of events, We have experience of puch cycks when 
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we wach 3 jarge-cale perigdic event, such 2s the swing of a 
pendulom. Adi that happens fo us during the cyte happens 
#7 05, ot in a pombe of different places; and any effect upon 
ts depends upon what happens to ws. [ am suggesting that 
this is a proper analogy when we wich to wxkerstand bow o 
periodic ootron affects an ekeetron, 

T come now to what I shall call “ transactions,” by which 
T mean quantum changer, Io call them “ transactions” 
because energy is exchanged between different processes. 
The processes concerged must be periodic, soot otherwise 
the quantom prmeciple is unnecessary. In the simplest case, 
that of emission of bight by a hydrogen atom, we have a 
anleteiient, epeaking the language of the older quantum 
theery, one peredie process {the revolution of the cleciron 
in an otbit other than the tninoion orbit) and os consequent 
two processes, namely: (7) The revolution of the electron in 
& smaller orbit, (2) a light-wave. The lavier, a9 already 
explained, is ony periodic in a certain sense, The energy of 
the antecedent is the gam of the energies of dhe cnnseqnents- 
The amount of action doring cue period of the antecedent is 
@ multiple of A, and so are the amounts of achon of the con- 
sequcnts dung wie period of cach. Exantly the converse 
Olu When light is absorbed by a hydtegen atom. In other 
case, both the antecedent and the consequent fay consist of 
two or more rhythms; but always there will be comervation 
at energy, and each rhythm will contain an amount of action 
which is & multiple of &. 

As yet, everything conceroe] with quanta is more of less 
myslerions, although Heismberg’s theory has somewhat 
diminished the mystery, We do not know whether quantum 
changes are really dodden of oot; we do net lou whether 
the space concermmed in atomic structure is continecut of 
discrete. Tf deetrons always moved in circles, as in the frst 
form of Bobr's theory, we could be content wilh a grannlar 


TYPES OF FHYSICAL OCCURRENCES 361 


Giscrete apace, and soppoése Ehat the intermediate orbila are 
geometrically oonexistent, But the existence of elliptic 
orbily in Sommarfeld's development of the theory makes thia 
difficult. And in atoms with many planetary electrons, the 
paths of some arc supposed to eros these of others. In spite 
of thesa difficalties, however, I da not despair of the hypethesis 
that space-time fp discrete. The older quantum theory ases 
the traditional conceptions of physics, and thinks of geometrical 
orbits im a constant space. The Heisenberg theory, on the 
contrary, hits a completely new kinematics, xcoording to which 
omgnentized ocbits (if we may atl] speak of orbits) are pec 
metrically imparssibie. Tt ia diffirult, ay yet, bo translate this 
theory cut of its technical form. But evem according to the 
elder theory, coe can sce that 2 discrete spacetime is podei ble. 
For when we think of tho matter m terms of space-time, We 
réalize that the geometry of the neighbourhood of ihe atom 
caay be different at different times. Tf an electron moves 
in one 2ort of orbit at ont time and in another at another, 
it does not follow that each sort of orbit was geometrically 
Possible at the time when the olber was being described. 
Perhaps it is oot superfueut to explam what is meant by 
saying tbat ao orbit is * geometrically possible’ though oot 
physically actual. What is meant it this: there is a series af 
Froups of events, each group being a point, aod the series 
being one in which all the intervals of points are time-like, 
and in which, if a constant valne is assigned to one of Ehe co- 
ordinates, the remaining three give « corve in a three-dimen- 
sional space having the geometrical properties of the orbit 
in question, Whenever we speak of an ccbit geqmetrically, 
Weart axtuming thet we can distinguish one of the co-ordinates 
ag" time,” give it a constant value, end consider the relations 
of the remaining three co-ordinates, Nowit is abvays possible 
that there may be a fallacy in this procedure, since it may be 
that such geometrical relations a9 we are considering mre 
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imposible among “simoltanenos“’ paints, Morecver, in 
the grocral theory of relativity, it may be impossible to dis- 
tingratah oo co-ordingte 23 more representative of time than 
the others. 

When, fiom @ traditional point of view, tro orbits crow 
each other, this op ooger happens from a relativity standpoint. 
We canont assume, that is te say, that there is a point from 
which twa joumers are possible, Toro electrons never actually 
collide. ‘When their otbits are said to cro, all that is meant 
is this: Im the sytem of co-ordinates wa have adopted, there 
isa point (x, +, 2,2) which is part of the history of ote electron, 
anda point tc,.+, £, 25 which is part of the history of the other. 
In another equally keitimate system of coordinates, these 
two points would not have Uhtee ce-ordinates identical, And 
the fact Ehat a certain orbit passes from fx, », 2, 0) in a certain 
direction does not imply that there 49 an oriit passing few 
(z, ¥, 2,0 in a direction which is the same so far as », y, rare 
ceoonemed. Therefore the apparent difficulties in the way of 
a discttte space ara not pecessarily insuperable. 

From our paint of view, it 19 a difficulty in the quantam 
principle that it is stated in a form involving mhergy, which, 
Prom, a relativiby standpoint, requires reinterpretation. It is 
also a difficulty that we do net know any laws determining 
when a transaction will take place, and that we do net inow 
whither it # really sodden or oot, For all thee reasons, wt 
ate cNDpelled to be vary tentative in philogephizing. I will, 
however, repeat the outcome of this chapter, soch as it is. 

[pn one sense, the theocy of space-time points a9 gronpe of 
events requires Ubat all change should be discontinuous. An 
event ¢ is a member of 3 certain set of space-time points, and 
of no others: the boundaries of the region constituted by this 
set are the Boondaries of 4, 90 that it comer into coistence 
soddenly and ceases to exist suddenly, Nevertheless, we can, 
it netemary, provide for continuity within thin scheme. 
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SUPPOSt & continwous series of qualities, like the colours of the 
rainbow; suppose that, in some proces, each of these is com- 
present with its aeighboors op to 4 certain distance in either 
direction, but mot with more distant members of the series. 
Then the group of qualities existing at a point will change 
amiinuausly, although each separate quality changes dis- 
continusuly. We may suppose this to be the natore of chanec 
between transactions, and in particular during a rhythm. 
There is og proof that change is ever continuous, but there is 
alee oo proof that it is oot. We will assume, for the moment, 
that change between tramsittions is combines in the above 
pense, bot that transactions are scontionnu. This assump 
tion is made only for the sake of brevity of sMatement; it is 
not asserted to be truc, or even mot probable than the opposite 
BAU tion, 

Ti we take the above view, there will he three kinds of things 
toa cobsider in physics; transactions, steadyevents, apd rhythms. 
Transactions are deminated by quantum laws. Steady events 
tontinuo, without intemal changa, from ons transaction to the 
next, dc throoghoat a certain portion of a conlinuows change: 
petcepes ate steady events, of cather systems of steady events. 
The relation of @ steady event toa rhythm [ conceive accord- 
ing toa musical analogy: that of a long pote on the violin while 
a series of chords occurs repestedty on the piano. All our life 
is lived to the gcoompaniment of & theythm of breathing and 
heart-beating, which provides us with a physiological clock by 
which we can coughly estimate times. I imagine, perhaps 
fancifolly, something faintly analogous as an achompeniment 
to evory steady event. There ate laws connecting ihe steady 
event with the rhythm: these are the law: of harmony. There 
art Howe regulating transactions; these are the law; of counter- 
point, 

We most agome periodicity gs a feature of the state of 
affairs where thers wre steady events, ghine We cannot state 
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the quantog principle without iL We have to find 2 meaning 
for “ Frequency "in ooder to connect energy with A, It is not 
Bitogether cary to see how one frequency is to be compared 
with another, In the case of light, we can estimate the 
distance between the crest of ome wave and the crest of the 
next. Knowing the velocity of light, this telb a9 how many 
Waves passa given place im aserond, Biot here the periodicity 
tiiets for the ontetde observer: for an obgerver travelling on 
the crest of a given wave, there i: no proceso and o9 periedicity. 
For a6 oubide observer, there is a process in the motion of 
the light-wave: but our cheerver on the ware considers him- 
gel te be at rest, and presumably does not sec objects ying 
past him. Thos for him the periodicity of a light-wave is 
spatial rather than temporal. (ne light-wave will consist 
Df a Series 41, Fi fie - - - Se - OF sleady events, the 
jotervals bebween which are spacedike; the next will consist 
Od mw SBTie@s fy), Egy - - - ty. - - -» GRAIN having spacelike 
gotervals fram cach other and fom the previous series; 
f, 00 «,, will have a similarity of quaity which neither 
has to tye OF tye (here mm is different fom #}. Each of 
these avents is supposed to continue as long aa the light-ware 
contigges, fe. until there is a transaction. Given any 
event ¢ which is conmected with matler, ¢ may be compresent 
Me a Ma = a ae ea Ae ss + uRcCemBively, 
bat not with all at once. This is what happen when a light- 
wave passes an cheerver or any other piece of matter, A 
forks of events forming one light-wave are inseparably asso 
ciated, in the sense that when Lhere is one of them there will 
be others thronghout the spare covered by the wave. Snmilarly 
the series of events (if any) invalved in the revolotiqon of an 
electron are inseparably associated: but there is this difference, 
that thesa events form a temporal series from the standpoint 
of the slectron, whereas the avents constitoting a light-wave 
foto a spatial series from the point of view of the light-wave. 
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There are difficultica in the above which might be resolved 
in various ways, bit wa do not loro which to choose. What, 
for example, shall we say about the transaction which consists 
in ths absorption of emery by an atom from a light-wave } 
Thea comrect view is supposed to be that, in soch a case, a 
Planetary chetron passes suddenly from a smalkt to a rper 
orbit. But if we imagine a light-wave to consist of a number 
Of evemte &5, fig) . Ga + - -, OO might expect that at 
least one whole wave would be required to produce one definite 
eficct, and that 3 port of the ware would producc onby part 
of the eRect, if any. Buta whole wave takes a finite time to 
reach the atom. This difficulty exists for any wiew which 
regards light a5 consisting of waves and quantum transitions 
at sudden, bot woul] be obviated if either of these suppesitions 
were dropped. We may therefore take it as part of the general 
wmsalved problem of the relation between radiant eacrey and 
energy asfociated with matter, This problem, though it 
interests the philosopher, belongs to the domain of physic, 
and can only be profitably considered by a physicst. J am 
therefore content to await the discoveries of others. 

Ag regards quanta, Jet us examine once pore what iy implied 
ba the fact that dhe is an important constant &. In the 
firat plact, & only exists, on at any rate is only important, in 
the case of periodic proceises, and it is a characteristic of one 
compkte peri In the second place, only integral multiples 
of Aoocor, In the third place, when 2 transaction invelyes the 
Joss by one system of 4 certain multiple of &, another system 
may acyoire another multiple of A: what is transferred always 
unalterad im amomnt is energy. ‘These seem to be the most 
significint facts about A. 

it anes impossible to reaist the view that A represents 
something of fundamental inportance in the physical work, 
which, in turn, invelves the conclusion that periodicity is an 
glement in physical lows, and tha! one period of a periodic 
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process most be treated na, in some sense, a unit, This 
Eolkews from the fact that processes arrange theonelyes to a9 
to sacure that a period shall have an important property. This 
peopert} 6 Aimplest in the case of a light-wave: the anergy of 
one light-wawe multipiied by the time it takes ta pag a given 
material point jab, If we take the velocity of light as tity, 
the time a lipht-wave tales to pass o given point is equal tp 
the spatial dishuncte beteoen the beginning andenod of the wave: 
therefore this distance moltiplied by the enerpy HA. «This 
form, molght sonm porférable for mur putpedes, since it does oot 
iavelye reference to an eXETAneGUS Material point. Al least, 
it does not abowsly involve pach referenor; but perhaps the 
reference ig concealed in the procega of estimating apatial 
distance. We have seen that this process must be opdirect: 
ome part of a light-wave cannot calch up another, to that the 
spacedike interval between them can only be egtimated by 
reset od ome Oe Leaking place in matter, 

Li it should be found that quantum phenomena are not 
physically fandamental, much of what has been said in thie 
chapter will become unnecessary, It shonld be said, however, 
that relativity shouk) perpen oor muods for the oddest 
feature of the quantam theorm, namely the cxistencs of 
canal jaws involving whole periods, The causa! anil, on 
relatrvity principles, shouwkt Be expected to occupy a small 
region of space-time, pot only of space; it shoukd not there- 
fore be Instantaneods, as in ptecclativity dynamics. [i we 
epuibine this with (he bypothesis of a discrete space-tiine, we 
can imagines a theoretical physics which woukl make the exist- 
moce of the quintim no longer sm surptising. 

I nave to confess, reluctantly, that the theory developed in 
the present chapler, Inadequate a9 it is, is the best that I iow 
how to muggest on the toplt of quanta. Perhaps the progress 
of phywica will make « better philosophy of the subject posible 
bafote ag. Miowhile [ commend the matter to ihe con: 
svferation of the reader, 


CHAPTER AXXY 
CAUSALITY AND INTERVAL 
Taz conception of “interval,” upon which tha mathematical 
theory of relativity depends, is very Lard to translate, even 
approximately, into medi-techical berms. Vet it is dificult 
to resist the conviction that it has come conection with 
causality, Perbaps a discontinooos theory of interval might 
diminish the obstacles to such an interpretation. Let 
toy to discover whether this is the case. 

The view which naturally cogeests itself as a pent of 
dapartore is something like this: Given two groupe of co 
puncwal events, it may happen that at least ane member of cra 
group has a causal relation to at beast one member of the other 
group; in that casa, the interval between the two groups is 
timedike, if causality is a matter od discomtinwows transitions, 
ome might expect that the maguitude of the interval would 
be misasored by the nomber of intermediate transitions. 
Again, it may bappen that no member of one group has a 
clas) relition to any member of the other, but that both 
contaln members having causal relations to a8 member of a 
third greap. Ino that caisc, the interval will be spaceike, 
and agam one might suppose that the number of intermediate 
links #quld determin the magnitude of the mterval, 

This represents what might be hoped, bot a9 it stands it 9 
Godaly simple, and open to obrious: objections. Let ws see, 
therefore, whether it is possible to answer tha objections, 
o¢ to lairedace such modifications as will obviate them. 

First, let os be clear as to what we mean by « causal relaticn. 
There is a causal relation whenever two events, or twa groupe 
ef events of which aoe at Least is coponctoal, are related 
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by a law which alknws something to be inferred aboot the ane 
from the other, Fotmeny, ofe woukt bavt supposed that 
everything about the later event conld be inferred fram & 
gofficient number of antecedents: but in view of the explosive 
and apparenth spontancous character of radie-activily and 
quantom changes, We most be content with a more modest 
definition so far ag this point is concermed. In another 
respect, however, our defmition is lesy modest than it would 
formerly havebeen, fo classical dynamics, causal laws connect 
acoclerations with configurations, so that from the present 
state of a small region wt cannot actirately infer anythmg 0 
to what will be happening there after a finite time. Coanta 
have altered this: we cad associate the light raciated fom an 
Atom: With its causal origin, wnlil it Kits other matter: wet can 
associate the state of the atom after the emission of the Light 
with its state before, wnt] it pndergoes another quantum 
change. In fact, a5 we saw in the preceding chapter, we can 
anglyzea the course of nature inte a set of steady events and 
rhythms with caugal relatians gaverging the “ trangactions © 
in which rhythms ondergo changes. The above defintion 
was framed with thease considerations io mind. 

We shall say, then, that al] causa] relations contist of 4 
sons Of chythos or steady events separated by " transac- 
Hoos.” If such a serieg connects a rhythm or steady event 
4 with arbythm of steady event 5, we shall say that Ais a 
“causal ancestor’ of B, and # ig a “ cansal descendant “ 
of 4. Wea may assume that, m such a case, the nomber of 
transactions betwee 4 and #3 is always finile, Hoce one 
supposes that the tlime between two bransaclions camnct 
fall below a certain minimoam, or at any rate that the nomber 
of cansally connected transactions in & finite time is never 
infuite. Perhaps we may assume that a rhythm most lact 
tong +nough to achieve a5 amount of action 4; perhaps, ever, 
we coold construct a discrete theory of time from which 
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this ceankt would follow. AH this, however, is Very specn- 
latl ve, 

Now let us coaadet the stock case of a light-¢lyoa) sent 
from 4 to 5, amd reflected back from Bio 4. Only two 
transactions ae nvelyad, namely the emiggim and reflection 
of the light; perhaps we ought to add the final trangaction. 
aanly the m-absorption of the light by A. In any cas, 
there need be only two steady events, one in the outward 
beam and one in the returning beam. But the interval 
between the departore and retorn of the light may have any 
magmitode, This lb all the more cori, 26 the interval 
between the departore of the light from A and its arrival at 
& ia zero, and 0 i6 the interval between its departure from B 
and its return to 4. This suggests that toa much effort 
bas best made to regard interval a5 analogens te distance 
in conventional ptometoy and time in conventional kinematics. 
Suppose we say that, if an events, is a cancel ancestor of an 
event #, We take all the possible cansal routes irom ¢, fo 4y, 
and choose that which contains the greatest umber Af events: 
then tha “interval " from ¢, to 4, ia defined aa the oomber of 
events in this longest route. It is cbvious that, ifa tocariuable 
time edapecs bebween the departure of the light from 4 and 
its retorn to 4, there mogt have been a varrty Of events at 
4A meaowhik, When I say “st 4,1] bave a meaning to be 
considered shortly; but for the moment it is anough to say 
that this meaning Includes causal inheritance. Thus we have 
& Meaning for the view that tie interval af 4 is quite long, 
and alge for the view that the interval between the departire 
of the light from 4 word its acchval at Bole ter, This latter 
wiatement means that it is the very same erent that starts 
fom A and arrives at 8, and moreover that there is no longer 
cantal route connecting the two tramactiong of gtartng fom 
4 end arriving at @. This event which starts bom 4A ond 
atrives at BT calla” hominowe erent.” 
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Bat we oust deal with spaceHlee Detervals before we can 
Geclde wheter the above theory of time-like intervals will 
do. Tt is to be observed that space-like intervak arc obtaloed 
bey caleulation from time-like intervals. Let us imagine the 
following ideal experiment: An astronomer on the aon sends 
= Inesage to an earthly mirror, and an astromooer on the earth 
donde «me to a solar miror. Each observes the time of 
departure: and retorm of be oem mcesage, and the time of 
arrival of the other's message. Each finds that the other's 
Peace it pecrived at @& fit balf-way beteeen the auivel 
and departure of bit on metesage. They compare notes, and 
discover this fact aboot cach other's observations. They will 
coadude that, according to the reckenings of beth, the two 
rmesages were despatched simollaneously, aod that the 
measure of the spacelike interval between the despatch of the 
two mesgages is half the time between the despatch end retam 
of either, fe. aboot eight minutes. We may re-state the 
genetal method involved sa follows: Let ws have two tritisac- 
tions § and 7 connected by a number of causal mies, all 
going straight from Sto T; and let the longest of Hhese consist 
of a events. Soppose that there is another transaction 5° 
aoch that its later event extends to T, and that there is no 
limger causa] route from 3° te T, nor any cansal rovte at all 
from Sto §". Here 5 corresponds te the sending of the signal 
from the earth, S° to the sendimg of the signal from the sun, 
and 7 to the arrival of the solar signal at the terrestrial 
observatory, The question da: What js tu be tha interval 
between S and S37 There cannot be a causal toute from 5° 
to 5, becawec if there were It could he prolonged to and would 
te Tanger than the single event which extends from 5° to 7. 
contra kpp. Thus no causal series connects 5 and 3°; there 
4 causal mies coomectmg § and 7; and 4" 4 transaction 
that begins an event which encs in the transaction FT. In 
these circumutence, we say that the interval bebecen 5 and 5° 
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is of a different kind from that between $ and I’, but haa the 
sant numdticel meee. Ths fact that this definition works 
ie What appears 24 the constant velocity of Ught. 

Difficulties, however, still sggest themselves. What are 
we to do with the bending of light in a gravitational Geld? 
And what are we to say about the connected theory, acoording 
towhich the velocity of ight 39 race 15 not strictly constant f 
We have been attempting to regard the passage of Light [rom 
one body to another a6 a single stabic octurrente, involving fo 
change within itsell, and thereiere having zero for its proper 
time, Since time mist be measured by changes. [i we have 
to suppose that the Light from a ster alters jts dipsction as it 
passes near the sun, we shall have to think of the journey of 
the light a9 a prowess, not as a mere continoing event, Ido 
not believe, however, that this would be regarded a5 the 
correct account of the infinence of gravitation on fight. Oravi- 
tation condsts in the fact that 4 geodesic is geometrically 
different from what it would be in the absence of 4 gravita- 
tional Geld; the courte of the light is not “really” bent, but 
is “really” che siraightest course geometrically possible, 
In any case, this point arises at an advanced atage in the 
theory of relativiny, and the considerations invelyed art 50 
Doméroas that it woold almost certainly be possible to dnd 
an interpretation consistent with our soggestion if no other 
obrtecl existed 

Wheo an interval is space-like, it in abeays theoretically 
pedible to send. 4 light-signal from, one of the events concemed 
to a causal descendant of the other; consequently opr definition 
of the messrre of a spacelike Interval ig ahways possible. 

To say that the greatest velocity in natu is that of light 
is to say that, when two transitians are ths hagmning and end, 
respectively, of ome minons event, there js no irene 
Which ts a causal descendant of the one and a causal ancestor 
of the other. To say thal a causal chain of trengitions belongs 
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to the Kistory of ome piste of matter is to apy that mo two 
members of the chain can be conmected by a chain looger than 
the portion of the given chain which fies between the two tru 
sitions, This it cor trantiation of the law that the history 
of a piece of toatter bb @ geodesic. 

The fact that the interval beteeen two pomts of one light- 
ray is zard appears, on the abows theory, to Be just what might 
be otpected. For when an event has temporal extension, 
that mcang that two events which ave comprestnt with 
it have a caugal relation to each other; while when an event 
has spatial extension, that meang that two events com- 
present with it have a common causal ancestry ar posterity, 
Neither happens in the case of a Jominoos event, which there- 
fore has neither temporal por spatial extension, in spite of the 
fact that it covers a whok tegen of spacetime poate. 

Te will be seen that, according to the above, intervals are 
discrete, and afc abays measured by Integers. There is, 20 
far at T know, no empirical evidence for or agamet this view. 
TE the integers comcemed were very large, the phencinueha 
would be sengihly the same as if intervals could vary oon 
tingowsly, T donot put forward the theory with any confidence 
in. it aa tt stands, bot rether to suggest tp men wilh more 
physical competence the possibility of great changes in our 
picture of the wold without rejecting anythmg probably 
tus. In order to bring out this point, I shall now re-state 
the theory without interpoting argumentative justifications, 

The world, it is anggesied, consists of & number of events, 
each involving no change within itself, but each connected 
With earlier and later eveotes by quantum or other Jaws which 
enables oy to regard the earlier as the coyse and the later a3 
the effect. The quantom transition I call ao “ trangaction,’' 
A transaction is subject to laws as to the conservation of 
euergy and aa toacton. Events may be compreeent, and one 
event may be comprnsent with a number of others which are 
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stparated by transitions; in that case, the one event is sid to 
last Jor a Jong time. We can even obtain a continuous time 
in oor theory, if the momber of events compresent with a given 
event is infmite, god their begimmings and ands do not synchro- 
nize, t#, one of them may bt compresent with two others 
which area oot competent with nach other. But | see no reason 
to suppose that the namber of events compresent with 4 given 
event is infinite, or to desire a theory which makes tines tcon- 
tinuegs; [ therefore lay mo stress upem this possibility. 

In 4 transaction, or during a rhythm, the caygal antecedent 
may consist of more than oot event, and co may the causal 
consequent; but the evonts which constitute the causal ante- 
cedent must all be oo puoictial, and so must those which con- 
stitute thea caasal consequent, Ady event of the antecedent 
group will te called a “ parent ’ of any event of the comse- 
quent group. When two events are connected by a chain af 
eveots, each of which is a parent of the next, the one ls said 
to be an“ amcestor ’ of the other, and ths other » ‘' d&- 
scendant of the one. ‘Two events may be connected by many 
caosal chams, but all will consist of a foite number of events, 
and wa gssume thal, in the case of any beu given avents, 
thars is 3 mamimidin to the Dumber of genétfations in the 
warious fines of desctut contecting Urewm. This maximum 
number is the oveasure ol “interval” when the interval is 
timedike. When the interwal ig spacedike, the definition of 
interval is slightly more complicated, 

To define ppace-like intervals, we must first say a few words 
about light, When ¢ luminous event travels from one body 
to another, 1 megard the whole as one static event, mvolving 
na infernal change or process. Consequently, from the stand- 
point of the event itself, if one could imagine a being of whose 
biography it formed a part, there ig n0 time between the begin- 
ning and the ead, Sines nothing travels fagter than light, it 
is impossible that te) parts of ane Imineus event should 


ava CAUSALITY AND INTERVAL 


be compresmt wrth twa events of which one is a causal 
destcndant of another; therafere there is no exctraneqns urce 
from which the lominows event can discover that it is lasting 
& long time, aod there 18, in fact, no meaning In ying that it 
is lasting @ long time, But when we say that it is reflected 
back to its starting-point, we mean that it bas mideyone a 
transection which bas tamed it te a new luminods event, 
and that this pew event is compregent with caceal descendants 
of events comprosent with the earlier one, (hese compresent 
events bang net linotoos, but of the kinds asgociated with 
matter. Now, given any two events 5 and 5", nether of 
which is an ancestor of the other, it is possibla to find 4 
luminous event compresent with S' and with a descendant F 
of S. We then say that the events 5 and 5° have a space-like 
separation, white measure is that of the time-like separation 
between S and T. 

To the above theory, it is sasmmed that, in all cases where 
one procesg oc piece of matter has an effect upon another, 
there ig at deast oo event which is compresenit with bath, 
This is the form taken by the denial of action at a distance, 

[i we assume, as we have been doing, that change is din 
Con Ls, @ sogle petlod wf a choy tin ell contain some Site 
number of points. Sapposc, tow, that there are tro chythmes 
such that the initial event of @ period ip the one is always 
bdentical with the initial event of 2 period im the other, but 
the other events are diverse; ad suppode that the first rhythin 
contains me +VEent in @ period while the second contains 4s. 
Then @ period of the Goi rhythm will contain mw ponte, aod 
one of the second will contains. We said that the " interval“ 
between two avernks wea to be the nogber of points ig the 
iamngeat cansal route from one te the other; hence the mierval 
between the beginning and end of « period in sither chythm is 
measured by the ereater of the oroncomberamwands. Suppose 
dais iss. Then we may regard the werhythom os having a 
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of the two rhythow would be the same. This suggests, in 2 
curtain class of cased, a possibility of defining " velocity 
otherpige than by relative motion. How for the retulting 
properties of “velocity would resemble thoye resulting 
from bbe irual defmition, I do not knew, 

There is 09 difficulty in defining what 15 to be meant by 
saying that 6 steady event “moves.” An event F ocoopics 
a number of pots of space-time, which can be regarded as a 
four-dintsisional tube divisible inte Sections such that all 
the points in one section are simultaneous, and are all ister or 
all catlicr than all the points in another section. ‘We shall 
then régand oor event © as moving alooe the tube, and occupy- 
ing the varigus instantaneous sections snccessively, But this * 
does not imply amy process or change within E; it moecly 
impliss trangitiong among events compresent with & but 
mot all compresent with each other. Tit seems, therefore, 
that everything sential to theoretical physics can be slated 
io téetos of our theory. 

According te the above theatry, motion ts discoutinucas. 
Bat this hypothesis te required for one porpese onky, gamely 
for the definition of intetwal. It js easy to introduce soch 
anions a3 shall] make our space-time contings, and secure, 
as in carrent physics, that distontinalty shall be confined to 
qeantim phenomena, 1.4. to what we haye called “ pans 
actions.’ Bot if this is done, cor definition of interval onst 
be abandoned, and interval resumes ite place as something 
mystarions and posceountable. Thera ia 00 logical reason 
why it shoal oof have such a place; the Jaws of transactions 
have soch a place in ont account. Bart it ts abrays intellec- 
toally satiefvimg when we can reduce the camber cf mexplica- 
bilities. So tar ag I can discover, there is no good ground for 
anpposmg that motion is continuous, it is thercfore worth 
while tedevelop a ditcontionens hypothesis i we can thereby 
ingress: the unity and diminish the arbttrarinse: in cor 
account of the physical workd. 
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Spach Tiaé, 29 it appears in mathematical physics, is obvigasly 
an artefact, ie. a structora in which materials found in the 
work? are cpmpranded ia such a manner a Lo be convenient 
Jor the mathematician. In the preecat chapter, I wish to 
epliect what has already been maid on this subject im variens 
parte of the book, and to consider the resulting metaphysical 
atatus of epace-time. 

In the genera! theory cf relativity, space-time appears 
to feo ways: frat, as providing o four-dimensional arder; 
secondly, 45 grving cise te the metrical concept of “ interval." 
Both are relations between " points,” bot both are treated 
mathematically ag differential relations, This requires us 
to solve a purely mathematical problem: what is the fonction 
of process which tends towards these relationg as a lint? 
This i) on the assumption that space-lime is continuous, 
which we do not now it io be, Let us begin with this hype 
thesis, and proceed afterwards to the hypothesse of discrete: 
mess. In the absence of eviclence, it is necessary te develop 
both For the present, therefore, I assume space-lime to be 
coutingoos. This tovalyves, or at least renders natural, the 
azeuptiog that there in ao infinite number of events com- 
present with any given event; J shall make this assumption 
alse 90 Jong as 1 assome continuity. 

" Cetoprteice "is assumed to bs 3 pymmetrical relation, 
which every term in its field has to itself, and whose field is 
capable of being well ordered. A group of five events is 
capatle of a relation called "co-ponctuslity,” which means, 
in effect, that thers is a regicn common to all ive, A group 
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OF more than five events ié called “ eo-ponetoal ” when every 
quintet chosen out ofitisco-puncted. A” pomt ” js defined 
BSB OO-DOnCtUAl group of events which cannet be added to 
withoot ceasing to be co-punctual. “Events are defined 
ag the Geld of the relation of compresence, Hence, by meane 
of oot unplangible axioms, we arrive at the space-time order 
presupposed in the agsignment of co-ordinates. This part of 
the theory is straightforward. 

Whee #0 come to “ioterval" them is more difficulty. In 
the discussion of measuceoicot we decided, folicwiog Eddington, 
that equality of two intervals is what bis to be defined, and 
that this bag to be gefined a9 a limit when both interyads teod 
towards ecco. Por this porpose, we supposed a relation of 
five poinis a, 6, ¢, @, dd, which we may express in the words: 
“ated is more gsady a parallelogram than aicd.” From 
this, by means of a certain apparatus of aun, we Can arrive 
At what street to be metrically necessary for mathematica] 
physics. But this procedore is somewhat artificial, It seems 
natoral to suppose that opr relation of Gve points arises 24 
follows; between any two points thevs is a relation, which for 
tha moment we will call “separation,” and the separation 
of a and &is more like that of c and 2’ than bike that of ce and 2. 
Thus we shall have to do with degrees of reteomblance between 
acparutions of point-pams; these separations, however, cannot 
exist only for infinitesimal distances, but toust exist for finite 
istathoes, at any rate if they are sufficiently small 

We have therefore to ask cursehes wheiher any physical 
meaning can be found for ‘‘geparation,” remembering that 
in the limit it i: te have the properties of a small interval ds. 
This msang to say that & separmtion may be of two sorts, 
spacelike and time-hke; also that the separation between 
two parts of a light-ray is sero. Now the separation will be 
time-like if there is any event at the one pomt which is a camgal 
ancestor of an event at che other point; and the separation will 
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be spacedike if some event at the ome point bat mot at the 
other snd some event at the ofher but pot at the one have 
a Comino ancestor or descendant, but no event at either ie 
an ancestor or descendant of, or identical with, any event at the 
other, We shall asgome that every pair of pointe hes some 
anusal reiution, direct or indirect; that is to say, grven any two 
eveots, 6, aid cy, there will be somewhere in space-titee two 
comiprosent events of which doe is ah ancestor or descendant 
offs, andthealheral¢,. This is handy more than a definition 
OE the “world of physics"; for if an event bad oo causal 
relation, bowrver indirect, to Ohe part of the world which 
we know, it could never ba inferred bp us, and would in effect 
belong to a different universe. Jt follows that if rwo diverse 
points have neither a tome-like por a space-like separation, 
there ié an event which is a member of both, but nothing at 
either is an effect of anything at the other, This happens with 
parts of a lightamy, if we suppise, as we have done, that it 
renaisis af steady evenie which persist until the light-ray ia 
transformed mte some other fon of energy. 

Thos we are fed to the mew that the telabon of separation 
is somehow comeected wilh the amoont of cansal action imter- 
vening betweco the two points concerned. It in easy to give 
B precise meaning to this idea when we assmmue a discrete 
apane-tome, but it is much mor difficult m a continooos 
space times. Nevertheless, it ig perhaps oot impos ble, 

Cansality, for these purposes, nay be confimed to rhythms 
and transactions; mpue relative motion, whether accelerated 
or wolfe, will be cgurded aa not myolymg causality in the 
amet On which we wcan it. Indirectly causality will be in- 
volved, since there will be a change of space-like separation; 
bat the caguality will be pricoarly concerned with other events, 
Dot with thoes consitoting the biographies of the bodies in 
relative moti. In paying ih, we are, 7 think, ooh inter- 
proting the Kinsteinan theery of gravitation. 


THE GENESIS OF SPACE-TIME a9 


Tn the preceding chapter, when we wert considening a discrete 
apuce-tine, we defined a timelike interval as the number of 
intervening points on the longest causal ronte connecting the 
two given points. Tha natural way te generalize this so as ta 
become applicabla to a comtiquous ppace-time would be te re- 
gard the number of points a9 the measore of geodestc distance; 
this would enable us to say that the geodestc distance traversed 
by a anit of matter measures the amrcont of causal action which. 
it has undergone. Tf we forther assome that, m comparing 
different omits of toatter, we midst multiply by the mass to 
ebtaim a meamure of the amontt of causal action, then the 
amonnt in a finite motion is the integral of evs. Bot this 
is the amoont of '' action “in the technica] sense," 

Tt seems therefore—though this is only = tentative snggestion 
—that we can regard @ time-like separation as the measure 
of the maximum amount of causal action on the varions causal 
routes which Kad from one point to another. It le to be 
ohserved that, since points art classes of events, motion [rom 
one point to another comtiste in the cessation od certain events 
and the coming into existence of others: every sach change is 
canal when it happens along the route of a piece of matier, 
since the woity of a piece of matter at different times is defined 
by tneans of the concept of a cause] route. There is, theredore, 
ro far as T can see, of fondamental objection to reganimg 
time-like separations as messormg atiounts of mtervenig 
cats! action, and small timelike intervels as limits of separa- 
tions, § Space-like intervals, as we have sect, are derivative 
from time-like intervals; hence they, also, depend upon amount 
of causal action. 

Fasting bow to the hypothesis of a discrete space-time, in 
which each point conslets of a finite cumber of events, we find 
that a similar analysis to the above is sti! possible, and in 
in fact considermoly easier than when we samme contiogty. 

* Hddington, of. cii., p. tyz. 
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In 4 discrete space-time, f P and P* are two points containing 
eveniy which belong to the bicgraphy of one materul omit, 
the nimmber of points on the route of this unit between FP and 
Fis abraye fits. 1 several geodesic rontes lead from P to 
PF, there will bs a maximum to the pomber of points on such 
routes; this maximum will be the mrasmre of the interval 
between FP and FP’, which will therefore always be an mteger. 
A longer route means@ greater Wumber of intermediate events, 
and therefore a greater amount of causal action. Thus agam 
the interval measures the greatest amount of causal action on 
any cance! powte fom FP to F. And causal rovtes conmst of a 
smccnon of ehythmsorsteady events saparaied by transactions. 

It will be cheerred that, im our theory, spatial distatice does 
mot directly represent any physical fact, but is a rather com- 
plicated way of speaking abort the possibélity of a common 
causal ancestry or paternity, Por example, while 4 lighi-wave 
ia Sipposed to be travelling awey irom an atom, it has m0 
physical clatiom to anythmg im the atom subseqecnt te ita 
couission, Tt may be reflected back to the atom after reaching 
abit her atom, ahd then ball the time of the dewble joumey 
[as memtured at the first atom) is called the spatial distance 
between the two alow (taking the velocity of bygbt a5 unity). 
Bot there is 20 adequate ground for asserting that at every 
moment of the intervening time the light-ray iy at a certain 
Bptial distenot roc the atom; indeed, che bheary of relativity 
Vibe gach a suggestion. There is therefore, $0 far as I can 
g2¢, DO reason in physics for believing in comtinugus motion, 
exXCept a2 3 convenient symbolic device for dealing with the 
time-relations af varique discontinuous changes. And wither 
we Tegard space-time am continwows of discontingows, motion 
keses ite Jundamentel character, being replaced by rucoessions 
ni events belonging to the biographies of bits of matter. ‘This 
ie Duewitable if wa are tebold that motion is relative and echo 
ats distance ig 3 Biction, 
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There feorains a question which is of some interest. Can 
time be derived from causality, of must we cetain temporal 
order aa fundamental, and distinguish citer and cffect as the 
earlier and later tercos in a catisal relation 7* This question 
is bonnd up with that a3 to the reversibility of physical 
processes. If causal relations are symmetrical, so that when- 
ever A amd 8 are related 99 cause and effect it is physically 
possible that, on another occasion, Wand 4 may be so related, 
then we must regard the timeorder 29 something additional 
te the causal relation, not derivative from it. If, on the other 
hand, cacsal laws are inrevmgible, than we can defines the time 
ender in terms of them, and need not introduce it a5 a logically 
separate factor. The question of mevetsibility is still sab 
Jadice, aod T wall not venture an opiniog. The second law of 
tharmodynamics asserts ag ieversible process, but it purely 
ftatistical, Alt radiation of energy in spherical waves is 
frimg facie irreversible, but we do not know that it really 
takes place. Dr Jeans suggests that there may also be con- 
werging spherical waves, and that thesa can be used to explain 
quantom phenomena { For him, reversibility is a funda- 
mental postulate.f Ide not iow whether ba wouk? maintain 
that the ejection of an electron of helium nocleas from 2 radio 
active abom is a reversible process: but it ancst be confessed 
that, if it is oot, the saistence of radioactive elements beccunes 
anmysitry. Quantom theory has, on the whole, increased the 
arguments in favour of reversibility; but it cannot be said thal 
ther is aa yet conclusive evidence on either side, We must, 
therefore, leave open the question whether the timeorder of 
events bh one causal roote cao be defined in terms W coum! 
haw. 

© This quettign fas well as vertogd cthees) is ably divcnsted in & 
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CHAPTER XXAYII 
PHYSICS AND NEUTRAL MONTSM 


In this chapter, I wish to define the outcome of our analysis 
in regard to the ofl controversy between materialicm and 
Meal, and to make it clear wherem our theary differs from 
born. So long as the views set forth in previens chapters are 
supposed to be either materialistic or idealistic, they will aeem 
te ively: incogsistentics, SOLce stim secm to tend in the 
one direction, agme in the other, For example, when I say 
that my percepts are in toy bead, I shall be thought materal- 
istig; wien I say thet my head consists of my percepte and 
other similar events, I shall be thooght idealistic. Yel the 
former statement is & logical consequence of the latter. 

Both materialism and tdealiam have been guilty, uncon: 
scioialy and in spite of explicit disavowak, of a confusion in 
their imagmative picture of matter. They have thought of 
the matter in the external world aa being represented by their 
percepts when they see and tooch, whereas these percepts are 
really part of the matter of the percipient's brain. By exam- 
ining our percepts it is posible—ed 1 have contended—to 
infer certain formal mathematical properties of external matter, 
thongh tho inference is not demonstrative or certain. Hot 
by examining our percepts we cbtam knowledge which is not 
porely formal a4 to the matter of oor brains. This knewledge, 
it ip trae, is fragmentary, but 99 far a= it goes tt hay merit 
surpassing those of the Knowledge grven by physics, 

The wal view would be that by paychology we acquire 
loowhedge of car" minds,'" but that the only way to atenire 
knowledge of cor brains is to have them examined by @ 
physiclogist, omaally after we are dead, which stems somewhat 
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Dosatiafactory, T should aay that what the phydologeet pees 
when be lool: at a brain ja part of his own brain, not part 
of the brain he is examiting. The feeling of paradox about 
thie view comes, FE shonld say, from wrong views of apace. 
Tt is troe that what wa see is not located where our percept 
of oor own brain would bs located if we could see cor own 
brab; bot thig is a questhon of perceptual space, net of the 
apace of physica. The epace of physica is connected with 
Cengation in a manner which compels ua to hold that oor 
Percepts are in oor brains, if we accept the causal theory of 
Petcention, a3 [ think we are boopd to do. To say that two 
eveats have po $patiotemporal separation is to say that they 
ave compresent; to say that they have a smill separation 15 
to aay that they ate connected by causal chains all of which 
are short. The percept must therefore be nearer to the sense- 
organ than to the physical object, nearer to the nerve than to 
the gense-organ, and nearer to the cerebral end of the nerve 
than to the other end. This it mevitable, onless we are going 
to say that the percept it met in space-time at all, Itis ternal 
to bold that * mental" events are im time but not in space: 
let us ask corselves whether there is any ground for this 
view as regards percepts, 

The qocstlom whether percepts are Ipcated in phyuical 
apace is the same as the question of their causal commechon 
with physical events. If they can be affects and causes of 
Physical avenis, we are bound to give them & positicn m 
Physical space-time in so far as interval is comcemed, Hoce 
interval was defied im causal terms, Bot the real question 
is as to “ cocopreseice ’ in the sense of Chapter XKVIT. 
Cap a mantel event be compresmt with a physical event? 
Ti yes, then a mental event hes a position in the spane-tome 
cader: if no, them it fas ma such potion, This, therefore, 1s 
the crucial question 

When I maintam that 2 percept and a physical event can 
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be conmpreannt, | am oot mamtaining thet a pererpt can bave 
to a piece of matter the sort of relation which another piece 
of matter would have. The relation of compreseice is between 
a percept and a physical ment, and physical events are aot 
to be confounded with pieces of matter. A pitte of matter 
ig o logical stractore composed of events; the causal laws of 
the eventa conpemed, and the abstract logical properties of 
their spatio-temporal relations, are more of less lore, but 
their intrinsic character is not imown. Percepts Ot into the 
same causal scheme a4 physical events, and are not koown 
to have any intringic character which physical events cannot 
have, since we do not inow of any intrinsic character which 
could be mcompatible with the logical properties that physles 
ausigos to physical events. There is therefore wo grownd for 
the wiew that pererpts cannot be physical events, ot for sup- 
poting that they ane never compresent with other physical 
events. 

The fact that mental events admitted y have temporal 
felations baa much force, now that time and space are so moch 
less distinct than they were, It bas become difficult to held 
that mental events, though in time, are not in space. The 
fact that theic relations te each other can be virwed os cooly 
temporal is a fact which they share wilh any set of events 
forming the biography of one piece of matter. Relatively 
to axes moving with the porcipicot’s brain, the interval be- 
beeen tao percepts of bis which are mot ootuprréent shoud 
always Be temporal, if bis percepts are in bis bead. But the 
interval Detween sitnoltanetms percepts of diferent per- 
cipients is of a different kind: and their whole causal envicon- 
ment f soch a4 to make os call this interval spacedike. I 
conclude, then, that there is no good ground for excludms 
percopta fom the physical world, but several strong reasons 
fot incloding them. The difficotties that have bean supposed 
to stand in the way stem to me to be entirely duct to wrong 
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views ab to the phyaica) world, aod more partionbaly a to 
physical space, The wrong views as to physical space bave 
been encouraged by the notion that the primary cpaalitics ace 
objective, which bap been held imagmatively by many men 
who wold haves emphatically repiliaied it yo far on their 
explicit thought was concemec. 

T bold, therefore, that two simulianeogs percepts of one 
percipient fave the relation of comprmamee at of which spatio- 
tomopora] cree arince, It t almost insdatlble to go a ptep 
farther, end ay that any two sinmitaneous percerved contents 
af a mind am compres, eo that all oor conscious mental 
wtates are in ceo beach, 2 pee ms littl remscn apuinst this 
exteasion a ugeingt the view that percepts can be compresent, 
A pernept differs imen another mental atate, I shonld say, 
only in the nature of ite causal relation to an external stimulos. 
Sone relation of this kind go dombt always exists, bat with 
thes ommtal atates the relation omy be oxete indirect, of 
may be only to some slate of the body, more particularly the 
brain. “ Uboonsciongs "* metal states will be event cone 
Prewent with certain other mcutal states, but not baving 
those effects which copstitute what is called seerenes: oi 
a mente] state. However, I have oo wish to go farther inte 
Peychology than is necesmery, and [ will porvos this topic no 
Longer, bat tebe to métters of more conéern to phymics. 

The paint which concerns the philosophy of matter is thal 
the events wot of which we have been constrncting the plryzica! 
world are very different irom matter as traditiomally con- 
coived, Matter was expected to be impenetrable und incde- 
structiblo. The matter that we constroct ja impenctablke as 
meade of defarttion : thes matter in a place is all the events that 
are there, and conmequently no other event or pene of matter 
can be there. This ds ao tautology, not a physical fact: ome 
Tight a¢ well argos that London fy impenetrable becocse 
nobody can Bea ia it except one of Ite Lobabitents, Inde- 
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atructibility, on the other hand, an empirical property, 
belted to be approximated: but oot exectiy possessed by 
matter. J imean by indestructibality, not comeervetion of ond, 
which is known to be only appromimate, but qmeervation of 
electrons and proton. At preeant it is oot mows whether 
an electron and @ proten acetone enter inte © edicide pact 
ac pot,” bot bere ft cern no own reaaca why electrons 
and peutons shenld be indestructible. 

Elechrms aml protons, however, are fot the stuff of the 
physical world: they are elaborate topical structures comppard 
of events, and gltimaieh of particular, in the senate of 
Chante: SOCVIT, As to whet the events are that compet 
the physical world, they are, in the first place, percepts, and 
then whaeterer can be inferred from percepts by the methods 
comiiers] in Pact (1. Bot oo vierkam ipfrential promod 
we are fed to the view that a perept in which we cannot 
perceive 3 stroctere nevertheless often has 2 structore, in. 
that the apparently simple ig often cumples. We cannot 
thersiore treat the mwdewen cisthie a8 o particular, for both 
Payetca! and peychologica? facts op lee os to attribute 
m strectors te it—oot merely a etractore in general, bot gock 
ant gach a shroctore. 

Events ape neither impenetrable nor indestructib, Space 
tome is comstrocted by means of co-punctoality, which is the 
oe: thing mt ppatieiemperel interpenetration. Prohaps 
it in not unmecemry to exqam that spitio-temporai inter- 
penetration is quite a different thing from kogical interpene 
tration, though it omy be sampectad that same philosophers 
have been Jed to favor the letter aa a result of the arguments 
for theformer. We are accustomed to imagining that nomerical 
divernity Involves epatio-temporal separetion: hesce we tend 
to thiak that, if teo diverse entities are in on place, thay 


© Tt Le thought perotehia do, feat *" Keomt 
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cannot be wholly diverss, bot most be aleo in some seme one. 
Tt is this combmation that ia supposed to comatitute logical 
interpemettation. For oy part, I do net think that logical 
Interpenittation can be defined without obviow mlf-<contra- 
diction; Bergeon, who advocates rt, dows got defime it. The 
only author I mow of who has Gealt seriously with its dift- 
culties is Bradiey, in whom, quite pomsistently, it led to a 
thorcugh-going monism, conbined with tha atviwal that, in 
the end, alt truth isselt-contradictocy. Lahauld myself regard 
this latter result as a refutation of the logic from which it 
follows. Therefore, while J respect Bradley more than any 
other advocate of interpenetration, he seems tp ops, in virtin 
od big ability, to have done towe than any other philosopher 
to digprovs the kind of system which he advocated. However 
that may be, the spatio-temporal interpenctratiom which is 
used in cnastructing space-time onder is quite diferent inn 
logical interpenetration. Philpecphers have been shaves of 
apace and tine in the imaginative application of their logic. 
This is partly doe to Koler's diagrano and the noting that the 
traditional 4, £, J, O were elementary forums of propositions 
and the confounding af “ss is a A with “all o's ace p's." 
AN this led ta a confusion between clasts and iulividnals, 
and to the inference that individual can inter peetrate bara 
dames tan overlap, I do not suggest explicit confadons of 
this soct, bot only that traditional elementary Logic, teught in 
youth, is an almost fatal barrier to clear thinking in tater 
years, unless noch tins 2s spent in ecg & pew technigin, 
On the question of the material out of which the physical 
world le constructed, the views echvocuted in this volnms hare, 
perhaps, more affintty with idsalbon than with materiale. 
What are called “ mental" events, if we heave been right, are 
part of the material of the physical work’, and what 4 in oor 
heads ia the mind? fwith additions) rather than what the 
phyriologivt woce throngh bis microscope. Tit is troa that we 
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have aot suggested thet ai] reality is meniel. The positive 
arguments in favour of goch « view, whether Betkeleyan or 
Gag, Appekt to mn fallacious. «The sceptical arin of 
the phencmensliats, that, whatever ee there may be, we 
fant ino it, ls orech more worthy of respect. There are, 
in fact, if we have been right, three grades of certninty. The 
highest grade belongs to ory own percepts; the second gras 
to the peroepts of other people; the thitd to events which at 
met petetpte of anybody. Tt it to be obeerved, however, that 
tha gecond grade belougs ony to the percep of thoes who 
tan onnoicate with me, directly or mdirecth’, and of those 
who are vows fo be closely analogous to people who can 
communicate with me. The perceptect minds, if such there be, 
which are not related to mine by commonicatinoe—eg. mings 
in other plaoria—can hare, at best, ooly the thinld grade of 
certantty, that, facely, which bekmgs to ihe apparently 
lifeless physical work. 

The events which are not perceived by muy person who 
Ah Communicate with me, supposing they have been rightly 
inferred, have a causal conmectim with percepts, und are 
inferred by means of they connection. Much is ieown sbort 

Whale, ou the question of the staff of the world, tha theory 
of tha foemgoing pages bas certain affinities with ideslion— 
naooely, that mental events are part of that atuff, and) thet 
the rast of the atoll resembles them more than it resanble 
traditional biliard-balle—the position advocated aa regards 
ecentific lews bes mere wfinity with materialam than with 
idealign. Joference bom one event to another, where poasible, 
wems cooly to acquire exactuess when it can be stated in term 
tf the owe ot piece, «There are perchotogical lows, physio- 
logical dows, and chemical lgwe, which cannot at present de 
rmdced to phy! laws. Bot ome of them is exec? and 
without azorptions; ihey state tendencies azul averiges rather 
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than mathematica! laws governing minimum events, Take, 
for exammpla, the psychological laws of memory. We cuit 
say: At 12.55 G4.T. on sock god poch a day, 4 will remember 
the event #—onlesa, indeed, we grein 2 position to remind him 
of it at that moment. The loown laws of memory belong 
to am early stage of sclece—earlier than Kepler's laws oF 
Boyle'slaw. Wecan say that, if.4 and 5 have boa experienced 
together, the recurrence of A Sends to cast a recollection of B, 
bat we cannot say that it is stire te do so, or that it will do so 
in ome assignable class of cases and not in another, One 
wopposes that, tc obtain an exact cansal theory of memory, 
it wonki be necessary to knew more about the siructore of 
ths brain. The idea! to be aimed at would be something like 
the physical arplangtion of duorescence, Which 15. plano 
in many ways enalogoeny tg memory. So far as catteal laws 
go, therefore, pluysicg geome to be goupreme among the aenpes, 
mot ony as appunet other sciences of matter, but also as aginst 
the acitness that deal with bie and mim. 

There is, however, one important limitation to this. We 
need to iow in what physical ciecumatances such-and-such 
a peroept will arise, ood we most pot nagisct thea more intimate 
qualitative knowledge which we possess conceming mental 
events. There will thus tema 4 cettaln epbere which will 
be ontside physics. Do take a siople instance: physics might, 
bdeally, be able to predict that at soch © time my eye wonkd 
receive a stinnilos of a certain sort: it might be able ta trane 
the physical properties of the resulting cventa in the eye and 
tha brain, qe of which is, in fact, a wiewal percept; but it 
cornid not itself give vs the knowledge that one of them is a 
vital parcept. Tt i4 obvnam that 2 man whe can ven kanes 
things which o blind man cannot lew; bot 2 bind may cos 
kw the wholes of physics, Thos the knowledge which other 
ton have and be bas not is not part of physics. 

Although there is thos a sphere cackaded fom physics, 
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yet phyece, together with a “ dictionary,” gives, apparently, 
aD cancel knowledge. One supposes that, given the physical 
chatechsisticn of ihe events in my bead, the “ dictionary" 
greet the “mantel " svete in my bead. ‘This is by Do mean 
e matter of cour The whale of the foregoing theory of 
Payee might be true without entadling this comequmnce. 
Sa for ag physics can abow, it might be posmble for different 
ftvope of events bering the mome strocture te have the same 
part in cemsal series, That is to sey, given the physical canmsal 
lows, andl givedt enough knowledge of an initial group of events 
te determine the purely physical properties of their effects, 
ik might nevertheless be the case that these efects could be 
quabtatively of diferent sort. If that were 20, physical 
determinien woud not entail peychological determinism, 
aie, given bea percepts of identical stroctare but diverse 
quality, we could not tell which would result from « stimulus 
known only ax to its phynical, fe. structural, properties. 
This is an miavesdable consequence of the abstractness of 
payee. Lf physica & concerned only with structire, it cammot, 
der ee, Warrant inferences te axy but the stractural peopertixs 
of erente. Now it may be a fact that jag.) the strecture of 
viseml percepts is very different from that of tactuel percepts: 
but I de not think soch differences coukd be established with 
anfficient strictrimn apd generality to enable us to my that ench- 
epd-eoch a atimulns opost produce a risa! percept, while 
mich another oitit pedace a tactoel percept. 

On thie matter, we ons, T think, appeal to evidence which 
is partiy peychological, We do know, os @ siatier of fact, 
that we can, ip normal areometeeces, more or lee mint 
the percept from the stlingha. Ef thiy were not the core, 
peaking and writing would be weleas, When the lees are 
fend, Hho congregation cag fodow the words m their own 
Bibl, The differences in their “thoughts meanwhile 
can be tcmmected causally, at least im part, with differences 
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mu their past axpetience, and tanec are weppored to make 
themsahes affective by causing differences in the airucture 
of bret. All thie semma snfickoily probable tu be wth 
taking seriously; bot it Wes outside physi, and docs not 

Eollow from ths causal actonomy cf physica, suppoeing this 
to ba established sven for homan bodies, It will be observed 
that what we are now comsidering is the converse of what is 
required fe the infereecs from perception ta physics. ‘What 
ip wanted there i that, giv the percept, we shonld be abls 
to infer, at least partially, the structure of the sthithn— 
OF at any rate that this should be possible: when 6 sificimt 
number of percepts are given. What we want oow is that, 
given the sirwctwe of the stimulus (which is all that physics 
man give), we should te able to infer the quality of the percept 
—with ts same lmitutions as befpre, Whether this the 
cate or not, is a question lying outside physics; bot there is 
Paap: to think that it ls te case. 

The aim of physics, comsciomiy oc unconsciously, has 
ahwar been to discover what we may call the causal skeleten 
wt the world, [t is perhaps surprising that there should i+ 
woch a pkeleton, but physics seoma to peove that there is, 
pertiqnlariy wien taken in conjomction with the evidence 
that percepts are determined by the puysical character of 
foasa—ior reguriiog phyvics ws causally dominant, in the 
aeum that, given the plysical siroctore of the world, the 
qualities of ite events, in 90 far as we are ecuainted with them, 
cao} be inferred by means of Geredebhons, We have thos ic 
affect a pepcho-onttbral paraliclise, elibowgh the interprcte- 
tian to be put apon it not the wrualone. We suppose that, 
given sufficient loxcwlodge, we conld infer the qualities: of the 
eWentsin oor heads from their physical properties, Thisis what 
im really meant when it i: sald, loosely, that the siete of the 
mand cat be inferred irom the state of tha beain. Although 
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T think that this is probably tras, J am less endow to avert 
it than to eesert, whet secon to me mock mort certain, that 
ita troth does not follow tram the corel attonomy of physics 
or from phyeical deteninitrion 0s applled te all matter, incinding 
that ofving bodes, This letter result Qows from the abestract- 
anes of phywics, and belangs to the philosephy of physica. 
The other proposition, if true, cannot be established by com 
dering piypsics alone, bot ony by 2 sindy of percepts for ther 
owe sales, which belo to peychology. Phywices stodice 
percepts only in their cognitive expect; their other pepecta 
Lie outedde ite purview. 

Even if we teject the view that the qoality of events in cur 
Deeds con be inferred from ther stroctue, the view that 
physical determinign epplies to bomen bodies brings ws very 
meer to winakl ia most disliked m muateriaiam, Phyeics may 
be onable to tell ws what we shall bear of ste or“ think,” bot 
it cap, on the view advocated in these pages, tell us what 
we shall aay or write, where we shall go, whether we aball 
commit norder cr theft, andaoon. For all these ac: bexhhy 
meorements, and thus come within the scope of physical laws. 
We are often asked to comcede that the beanths of poetry 
Ot os co Tegelt iam pyc] laws. I should concede 
that the beauty does et result from phy, ee beanty 
dapendsin part open intriosic qualty ; rf it were, epsom writers 
ot mwthetics contend, solely 2 matter of form, it would come 
within the apope of physics, but I think these writers do not 
realize what on ebetrect affair form really is. 7 should concede 
abo that the deeagh of Shakespeare of Bach do oof come 
within the soops of poyeley. Hut ther thonghte wre of no 
lmportempes to ae: their wilt soclel afficery depended upon 
cattain black marke which they made ot white pepe, Now 
there ave Do ransom to suppose that physics dot act apply 
te Ep oalcing of these marks, which was & ovement of meatier 
juet as treely a the revolution of the earth in its oehlt. In 
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any case, it is tdeniable that the socially important part of 
their thonght had a one-one relation to certain purely physical 
events, namely the occurrence of the black marks on the white 
paper. And noone can dowdt that the causes of cor emotions 
when we read Shakespeare or hear Bach ate porely phorsical. 
Thus we cannot cacape from the universality of physical 


This, however, iz perhaps oot quite the last word on the 
subject. We have seen that, on the basis of physics itesli, 
thers may be limits to physical determiniem. We know 
of no awa as to when # quanturo transaction will take place 
or a Padcic-activs atom will weak down. ‘We locw fairly well 
what will happen #f anything happens, and we know statistical 
averaged, which suffice to determine macroscopic phenomens, 
But if ond and brain are cageally interconnected, very sonal 
cerebral differences must be correlated with noticeable mental 
differences. Thus we are perhaps forced to descend into the 
Tegion of quanti trumsactions, and to desert the macroscopic 
lavel where statistical averages obtain. Perhaps the electron 
jumps wher; it Likes; perhaps the minute phenomena in the 
brain waich make al the difference to mental phenomena 
belong to the region where physical byw; no longer determine 
definitely what must happen. This, of course, ig merely a 
speculative possibility ; Int it interposes & veto ypom material- 
istic dogmatism, Jt may be that the progress of physics will 
decks the matter ane way or other; for the present, ay in 20 
many other matters, the phiksopher must be content to awuit 
the progress of science. 
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Ex the present state of physics, many questions of conmderable 
philssophical imypartaoc: canopt be answered, although they 
are soch a8 science may bope to maswer, and Kagely sch wy 
wert formerly soppoted to have been abeady ancwered, This 
Takes the task of the philowpher more dificult; it is necessary 
to develop various hypotheses, #0 as to be prepared for phat- 
ever decides science may arriva at. Certain things, it is 
tres, omy be taken as defmitely asceriained; these things, 10 
far as they are relevant to phikwophy, were coumdered in 
Part I. [tis dar that, in some sease, there are electrons amd 
pevtons, and we cannot well dowbt the substantial accuracy of 
their estimated mastes and electric charge. That it to oxy, 
these coostants evidently represcat scmething of importance 
it the pirysisal world, though it would be rush to ony that they 
represent exactly what iaat present soppoecd. = In like mannes 
then seen to be oo reasonable doubt that thers is a comstant 
A, whose dimensions ors those of action or angular momento, 
and whose maguitids is sobetantiolly what it has been 
estimated to be. [t woald seem clear alec that 4 ls @ commtant 
which is characterise of periodic process, Moreover, the 
chagge from ome soch process to another, which je what we 
have called a transaction, ia governed by principles conmectet 
with bin addition to the qutsnrvation of energy. 

Bot it would be very muh to muainiam thet the comment 
mathematical fromilation of tha quantum principie is the best 
possible; indead, thee are reksans for disatisfactlon with it, 
Perhaps the most important of these 1: that in expressing tha 
kinetic cosrgy we have to employ the method of seperation of 
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Warnes, god thet we do oot know whether ecpuratoe of 
variables ip eivaye possible, or whether all ways of eperating 
the variables give equivalent results. Apart from thes 
Father technical dificwlties, there ape others that are lea 
definite but perhapa aot lem important. No one has suc 
ceeded in making the existence cf quaita stem at all “ reason- 
able"; that is to aay, it remains olated and separate from 
other phywcal seas. And whereas it involves dismotnuity, 
tha whole alfset of relativity has been to emphasize continuity, 
Moceover, no one has pet socceeded in explaining interference 
and diffraction by means of light-quanta, or in explammeg the 
photietlectoc effect witheot them For thege reasons, the 
time bas not yet come when the philosopher coon clea) coufidently 
with quadtum they; be can only suggest what wook be bis 
philosophy if this or that view had prevailed im physics, 

Tn relativity, we ape on surer ground, The advance on 
the physica of the past, where relativity is concemed, ig mainky 
logical and philosophical. It ip true that facts Jed to the 
theory, and that the theory in buon led ta the discovery of nev 
facts. Bat the facts were small and only jest within the limits 
of obstrvation; aid they had oot, os fach, the neshortionary 
importance of the facts aboot quanta. And mmr that the 
theory ia Jairiy complete, one can sce that, theoretically, it 
ought to have been diccoevered by Galiles, of ot any rete an 
woun as the velocity of Light became imown. It representy 
im its technique « better philosophy than that of Newton; 
indeed, ane of its most remarkable featores ip the adaptation 
of the technkqee to the philosophy. 

The theacy of relativity, to my mind, iy most temarkable 
when considered as a Logical deductive syetem. That is the 
FOMbOd, ot cat of the reasons, why I have foond occamon to 
alinde so constantly to Eddington. He, more than Einstein 
or Werl, har expounded the theory in the form most apt for 
tka purposes of the philosopher, Minkowsla had tha same 
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quality, bat he did not Live to sen the genera] they. For 
Philosophical porposes, tharefore, I have allowed myself to 
be guided alunos entirely by Eddington. 

In the ganeval thtocy of relativity, we start with a four 
dimensional continunim of potita, whose properties, to begio 
with, are parely ordinal, We then menign four co-ordinates 
teach paint on any principle auch that the ordinal properties 
of the co-ordinates are the meme an thom od the pointe We then 
attome thal, if tee points are very flea together, theve is a 
qeadratic tanction of the co-ordinates which has the same value 
howevar the oo-ordinates may be aedlgned, subject to the above 
ordinal oondition. Tf this function is pesitive, ite sqnare ront 
is called the (time-like) interval; if negative, the eqaare root of 
the fumction with its sigm changed is called the (space like} 
interval Omitting piceties, we many any that the remainder 
of the theory tums mainly om peccdesics, A peodesig is a toute 
between beta epece-time pounts sich thet the mmtegral of the 
Interval] along this rocte in stationary, In the important 
routes, it is a maximum. It appears that energy can be 
divided into parcels which move in geodesics: when the 
parcels move with a velocity bess than that of light, they are 
regarded as pieces of matter, Weyl, by imposing certain 
linttetons of maasorement, anccesils in tnchoding electro- 
Inagnatic pheno im this scheme. Thos we have « oom- 
Ptthenslve theory which say be taken to enbroce everything 
Azcept qiaariicts plenonesita. 

But although there ib so much to give pleasure to the 
logician in this schene—aonore expecially the soethod of tensors 
and Elazailtonian darivetives—yet te philotopher cannot but 
feel dimuatisfaction with the apparently arbiicary amumpilen 
about intervala This maempton petted Le arbitrary 
than it is, because of its connection, historically, with tha 
theorem of Pythagoras and its modifications in noo-Enclidean 
pemmetry, Bat the theorem was believed Jarmeriy becanse 
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it had been proved: when the proof was found to have no valne, 
it was believed became anprical evidence wis thought to 
sue its eppristimete trith This mopirical evidence, of 
coun, remams, bat the theory of relativity has made tte vale 
fowch mort problematical] than it formerly seemed. And it is 
customary to carry cot measurements careiolly, teling trouble 
to pecure bodies that are as pearly rigid as possible, and optical 
ingtromenta that ere accorkte. Df cor ec-orcinates are to be 
arbitrary, aa they are in the genera! theory of relativity, it is 
dogbtfol whother we still havea cight to expect that they will 
verily anything analageus to the theorem of Pythagoras. 

As agaist thes: dowbts, it may be sakl that the gonerel 
theory has justified itself by the correctuess of all its verifieble 
compuences, This is troe, and I de net wish to minimise 
the force of the argument. Bot I seem io observe that. in 
obtaining these resolts, the theory does not make age of the fol) 
liberty in amigament of co-ordinates which it clans at the 
ftart, in astromocny, tts co-ncdinetes are still aengned iy the 
inal carein) methods, and at i oot clear that the or: i 
mele. Pion the mtthod of tensors, it sees to folow that 
We can eeploy any co-ordinates snbject to the ordinel candiion. 
But the octhed of tenaces, a6 tod, eros Ee dororole for 
interval; for this reason, Dr Whitebead found it necessary, in 
his Pringigde of Ketativity, to give a theory uf tensors indepen 
dent of the formula for interwal. There is thus atill Jegrtimate 
roan ine doubt a5 to whether the formula for interval ip really 
quite independent af the choice of co-pedinates. 

Aod, apart from this question, there is great difficulty in 
Higgesting any noq-technical meaning for interval: yet sbch @ 
meaning ought to elet, if interval is as fondamental os it 
appeas to be in the theory af relativity. There is difficulty 
wlep as to what ie cioent by measurement. And there ja the 
feeling that, perbape, tenaor equations repreeeat porely ordinal 
properties of the space-time contingum, and could, by « betier 
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techoiqoe, be at forth without the ma of any co-qrilinates 
at all. The oecewary techniqne does not exist at present, 
Dut it is sot impousible that it may be created before long. 
to Part Il, we epprosched a different type of question: 
the question of the evidence for the truth of physics, Le. of 
the relation of phywies to perceptiog, For the porposes of this 
Taquiry, it is tonvedient to 084 “ Pergeption ** semerwhet moe 
oarrvely than it would be qeed in peychology. Our purpose 
is epistemological, and tharwore perception is only relevant 
in #0 far as it is explicit axel the percept fy observed: percepts 
which prt naneticad cannot be made inte peeslsaes for physics. 
The wan of peroepts for inference as te the physical world resti 
open the causal theory of purception, doce the onive realism of 
On ane Tiros cot to be seli-comtradictory. The serion: 
alternatives to the canal theory of perccephan are not common 
aense, but solipgism ane? phemenaliam. Sokpeim, as an 
apistemologically serious theory, must mean the view that from 
the evects which J experiente there ia oo valid method of 
inferring the character, or ave tha axittente, of events which 
[odo oot expends. If inference it taken in the sense of 
strict deductive logic, there ia, 30 Zar as 1 can set, 00 sacape 
from the solipaisi position. And it shoukd be observed that 
this potion cannot admit DOCOnECH tventés in oom, any 
more than events onigide me: ite basis is epistenological, and 
therefore, for tt, the important distinction is between what I 
experience and what J do oot experiepce, pot between what 
in ming and what is not mine in some metaphysical or physical 
seome, Woe cammot scape from the solipeist position without 
bringmg in eduction and causality, which are still subject 
to the doubts respiting fren Hocte's wepical crib. 
Sano, however, all eclence reete wpan induction and cineality, 
it mowrms justifiable, at least pragmtionlly, to asume that, 
whee properly employed, thay can give at least a peobstulity, 
Te the present work, I bare made this asmamption bakdty, 
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Without attempting to justify it; I hawe dona thin becaons I 
do not believe that a jostification cold be ch belefer then 
Mr Keynes's Treatises on Probability, and also becanse, while 1 
wn convinced that a justification is possible, I am not satinied 
with those put forward by others or with any that J have been 
abla to invent opel. Jt seemed best, therefore, to make the 
alee ption gs rtark a3 possible, without any attearpt at artificial 
Mlausibulity, 

Intermediate between aclipabon and the ordinary echentife 
View, there is a half-way boos called “ phenomeolian.” 
This adondie events other than those which I experience, bot 
bode chat al! of thers are percepts or other mental events. 
Practically, it mcans, when advocated by scientific men, that 
they will accept the testimony of other otaervers wy to what 
they have actoally experienced, bot that they will net infer 
thence anything which no observer has experienced. It may 
he said, in justification of this position, that, while it employs 
analogy and induction, it retrains from assuming camality. 
But it may be doubted whether it cm seally abstain frou 
county. Phenomenalsta appear to take testimony for 
granted, i4. ta assome that the words which they st¢ and hear 
express what they thansehyes ook express if they oped them, 
But this involves causality, and involves it m the form in 
Which the cause is in oae perso aod the effect in another. 
There does not aseon, thenefive, to be any substantial jostifica- 
tion for this hal?-way Lona. 

We therefore axsumeé, though with les then demonstrative 
certainty, that percepts have causes Which may benot perpepts, 
and, im particular, that when « pomber of peopla have similar 
Percopts aimoltuncouny, there in what may be called a 
"* finld * of cousaliy connected events, which, it is found, have 
Pélations that often enable oa te artenge them in € spherical 
ander uboat a centre. We thos arcive of « space-time order 
Of evvonty, which fs foc bo be the game whichever of many 
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pomible ontthods of axviving at Jt we adopt; in this onder, a 
percept is tocated in tha head of the percipiant. In drawing 
inferences frogs percepis to their causes, we sasume that the 
Grpoloy miuat peewee whatever pirictore it posscsed by the 
percept, thoogh it omy alec have strocture] properties Tol 
panecseod by the percept. The assumption that the strocturel 
properties of the pereept must exist in the stimmloe dolla 
fremo the maxim “seme conse, name effect in the Inverted 
form" different effects, different canses," trom which it folks 
that if, ag., we wee ved and green side br aide, there bp ene 
difference between the atimolns to the red percept and the 
stimolas to the green percept. The structural features pos 
peed by the etlomua bot opt by the percept, when they can be 
inferred, are inferred bry means of general Lews—ee. when twe 
nbjects look: similar ta the naked eye bot dissimilar under tha 
maicrescope, We asm thet there are diflerences in the ptomel: 
te the naked-ere percepts which produce either no dlifercag, 
or Do perceptible differences, in the corresponding parcepts. 
These principles enable us to infer = great deal as to the 
strociure of the physical work’, but aot ws to its intrinsic 
character. They pat percepts in their place ag occurrences 
analogous to and coonected with other awents in the phrvical 
wild, and they enable ws to regard « dictaphoos ot a phate 
graplic plate as having stencthiag which, from the standpomt 
ot phyeics, is not very dinimilar from perception. We no 
longer have to contend with what med to seein otyaterige 
im the camel theory of perception: « series of light-weves a 
Bunda ves oF What not euddenly producing a mantel event 
apparently totally different from theaceclves in character. 
As to intrings characte, we do oot knew eoough abort it in 
tha physica) world to have a right to say that itis very didferent 
from that of percepts: while as to abroctore woe have reason to 
odd that it i: simolar m the eisalos and the percept. This 
las become pails opm to thee facts thet meatier" om be 
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regarded) a4 8 epetem of events, mot as part of the eboff of the 
work, axel that space-time, ws it occurs in piovsica, haa been 
frand to be nach more different from perceptual space than 
wae inroarly bragined. 

This beings otto Part TTL, in which we endeavor to discover 
a posible strocture of the physical world which shall at once 
fostity phywics and take account of the commecton with per- 
ception demanded by the necessity for an empirical baste for 
Paydcs. Here we are cooperned fret with the consrocton 
of points af apstemas of ween which overlap, tr are “co 
paipctaal,"” in apact-timet, and then with the purely ordinal 
properties of space-time, The methed employed is very 
gevernl, and can be adapted to a discrete or to 2 continous 
cpder: it is peoved that w, events are wofficient to generate a 
coniiooom of points, given cerfam lows a9 to the manner of 
only at constructing suck properties of epece-tooe as boone to 
aeaipril niles; wrerything appertaining te intervals and metrics 
es ended af this stage, shece caused considerations are required 
for the theory of intervals. 

Ths conception of one anit cf mattes—sey one cleciron— 
aga” eubetance,” de, o ongk Bmpk entity persisting through 
time, if oot ome whick we are justified in adopting, amcea we 
hare po evidence whatever as to whether it ia fale or true. 
We define a cingle material anit as a“ cansal line,” Le. ane 
tories of events comected with cach other by an intrinsic 
differentia] causal law which determines first-order changes, 
leaving second-order changes to be determined by extrmaic 
cote] laws, {1p thig we are fot the moment ignoring quantom 
Phenemens.) ff there are light-qeante, thes will more or 
Lene fulfil this definition of matter, and we shall have retarned 
to compusenlar theory of light; Dnt this is at present an open. 
question, The whole conception of matter is less fundamental 
te physics than lt mead to be, since eietgy has Mort and more 
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taken He place, Wa find that under terrestrial conditions 
slactrone am! protons persist, bot there is nothing mm theoretical 
physica to lead of to expect this, and physicists are quite 
prepared to fied that matter can be annihilate’. This view 
Is even pot forward to account for the energy of the ataers. - 

The qutetion of interval preemie great difficulties, when wa 
attempt to construct a picture of the world which shall make 
itt importance weem not sorprising. The same may be mid 
of the quattam. 7 have endeavoured, sot, I fear, with much 
wocceam, to sogecet hypothesss which would link these bro 
corigm facta lato coe whole, Tsoggest that the world comiste 
of steady events accompanied by rhythms, likes a long note 
on the vein while arpegeios are played on the plans, of of 
fhythma alone, Steady events mre of various aocts, and mummy 
bots beve thar appropriate rhythm ecoompeninente. 
Quasten changes const of “traqsactions,” i. of the 
eobtiitoten, suddenty, of on thythes for another. Whe 
two events have a toe-like interval, if spacetime ip dipereie, 
this interwal is the greatest nomber of traditions on any 
cansal youte [eading from: the one event to the other, The 
dafinition of epacedike Intervals is derived from that of tine 
like intervals, The whole process of oature may, oo fat as 
Present evidence goes, be conceived as dlscontinndns! even 
the periodic thythine may const of a finite nmmber of events 
per period, The periodic rhy thos are required in order to give 
an ecooot of the acs of the quantum principle, A percept, 
at ony tate When it ie visual, will be a atendy event, or npetem 
of steady events, following cpom a transaction. Percept ase 
tha only part of the phyetcal world that we kuow otherwise 
thanabetractly. Asragarda the world in general, both physical 
and mental, eversthing that we know of itp mtr character 
is derived from the mental sis. and aleoet overythiag that 
we know of its cousl laws is derived from the physical side, 
But from. the standpoint of philosophy the distinction between 
poysioal and mantel is eeperticial and noreal. 
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a theory Larenthios of aod Becher BGgoaoo dra 
tt cot In very comrvined eg er, Tienes Lilie? oe ey Charis ™ 

Chance, L Love and, Logic: Philosophical 


Edited with an Introduction by Af ores 
Supplementary Emny by okw Dery. ras. Od net. 
‘ ae prohibits bunker me 2 pe 
‘Tt mabera thar enwanee aint a wget, Sch, ie Sposa 
he cook) thiok,'—Afaien. 
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The Natore of Laughter, By J.C. Gregory. rod. Gel. met. 
“ir, Gregary, {0 thls resb apd stevleiiog wiady, joins leur with «l] bis 

. or | oti bee hae ee ag etloct alvateoe in thes etuny 
Wo eugbier > and bin remarks on wit, homow, and comedy, ara mort diss 
onmunaog. — soem! af Feeeahon, 


The Poilosophy of Miysie, Eby Ate Pole, FAS, Wes, Die, 
Edited with an Introdoction by Professor KE. J. Dent and a 
Supplementary Essay by Dy, Afaneiion Heroes, tod. Gd. met. 

"Phas is an esedlignt bogk aod tte pedsege sheng) bp welegmed bp all who 

baka more thad a Pugh bobcat id duc, | De. Pola pareteded Get only 

wide koowledge of these matters. but alo an attractres atyle, and this 
combingtion bye gnulbbed hie to set forth cheery aod eoeieoly compbstely 
to pive Rho petal pemdhet a Die coded goa 8 hd inv geet."—eeery, 


Tedividual Payehology. Bp ied Adler. Second edition, 
rBs. net. 

* He thakes a valoalds coitoiburne te pivcholoey. Hie dhl i eel 

alpke ond comproheos > neta phenome when comectly waderst 

thay be ropatded ob eadlog up to ag cod which commote ig extoblishlog Lhe 

subpet's ropenicttr, —Driewry. 


The Philosophy of ‘As 1f* By Hane Fashinger, 2456. act. 
"Pies anak Goporiaot contabutien to phe bical Literkturd ie & qostter 
Bia ceakory. Bredyv, Yaihioger omsapes erideoce te prora that oe Gn 
mes ak Eheocm which work pretiy well ba“ conseueomly Salen maumnp- 
fone”. We duno that thes fictions jo 00 way reflect mali. bot we beat 
Hoar? diy ld. Agen auch: fbcteogg eee: tHe erage Ian, 

God, empty space, matter, hee atom, iofeity."—S poche. 


Speculations: Essays on Humaniam and the Philosophy of Act. 
By T, E. Hetee. Edited by Hertert Read. Frontispiece and 
Foreword by facot Efmein. Jos. Gel wet. 

“With its pecobar mci, the book is most onlikel bt det te the 

abet commprebepsiog from the qqual reviewer, Hu was kocwo be 

brillract talker, 2 brilliant emeteur ol mostepbyach, and the theo ad tens 


ae Morn othe poet beau ghoet poems inthelangooge. In cha valuce 
be apport ae [be borerucner a eee etttode ol eed. —C ruin. 


The Nature of Intelligence, By 1. 1. Péursiona, Professor 

of Psychology io the University of Chicago. toe. Gc. net. 
"Pool Therstooe dectioposhes threes ews of the natucs of inteliieemca, 
the Academic, the Paychoaneipils, tee Beboavirumt. Again Ube 
wie, be pep ouids bie thedls thal conidia lt oninabed ero ly 
book ia af diret importance, AU wey ke vee of ete tet well 
well do comes to berms with his Geeta — Ties Lidar pple. 


Telepathy and Cla ence. Ewdoif Tischner, Preface 
by Ef Dingwall Tth 20 ittesteations, 78. Gd, net 


“Sch boneigediongs Gay On peri to pee the grave athe of 
exiere redler They Goel the etoerial bere onflected of preet velee 
ard) dederest, The chided inberest of the book lie in the i mente Jt 
rececda, and we thio thet thee wil pers any rewder tree witlamat 
peeqemmassioms thet thn praeot state of the eocomituted at baal 
ap open eed regediag Chey pode," — Ties Literary Seppe. 
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The Growth of ihe Mind: an Tntrodoction to Child Psychology. 
A. offic, Professor in the University of Gieasen. Fifth 

ition, revised and reset, 245, pet. 
" Hip teak br ne. ood it ia to be hoped thet Lt will be 
widely read." —F omar Literary Eooward FFAs, Roctowmog Hh 
Beck and the following ge ie the Nation, writzs: © Berery mriong gtoxpet 
saree tt tie peed Lt CF Ae Apes, aml BB anol ToPPlacment by 
eM he ctitrot tee Koike jort op the rosatie of 

ce wath Bue eesti ot the etydy at child-pamchaolagy’,' 


The Meotelity of Apes, By Profane W. fioskier, of Berlin 
University. ‘Second edition, with 28 illustratiets, Tos. Gd. ost. 
May 
The t 7 
work. Ibis of abeorbtog Lotarest to the peycbologurt, and hordhy Less tc 
» Ais weer well alee bes cegeilerd ane clade Io [te kind end 
mecdel for futere stodjec’—Time: Fitevary Sugetdewerni. 


The Paych F Retigi Mypticiy By Profesor Tas 
H. Len ey ot Regions Myvi me By Professor J 


* Beet Up weld oeeetch, — Tet Coty ee. * Tle book be 
fuscinating and sbmelstiag even te those who do not agree with it, wane it 
ig mevolariy 2 ere] a5 ote es, — edit of ees, he o--* = 
tal attaept in the Engdah Inngoaga bo pandtrads fo the heat 
Gaysticmd ‘—Nae Fork Nation. 


The Psycho ofa Musical Prodigy. By G. Revete, Director 
of the Paycho Laboratory, Amslengam. 105. 6d. net, 
+ Hbe frst Gime we bave o scientific report on the dewelipment 1 
ae wi Toeteed of being dependent on the vaguely marvelous 
awloniog relatives, we eater the more satalying atmosphera 0” 
hie teste. That Erogo is a muricol genius, eoboxdy who reads thil 
will dott, —Tiew fadery Saphreen, 


Principles of Literary Criticism. By I. A. Rithords, Fellow of 

College, Cambridge, and Profesaw of English at 
Peking University. Fourth edition, tos. 6d. ot. 

* Ae goportent cootibetion to the rehptalitgtion of English copce— 

Perhaps becouse ol ed aueetacte] aciaobine matere, thee mat important 

OBR RM pet made. Air. Bacharde beqies with ao account Wf the peeseot 

thats A cota thewes aod Iolo with an anal of othe fi y in 

mealere Meetbetete. "a rverion. 

Tm Mets hyeal Eour Foundations of Modern Scicore, By 


1g. net 

Tahoe dat ith Ba ol interesting t. Ute orlthcal 

la Sd abs” = Brertrasd, Fes acd 10 Nualies. Senior of the and 
derelopmmest of whid waa, anti reeanlly, the etaphyde generally 
elated wlth the scientific onblook. - quite admirably done 
Pines F ilerary Seer. 
The Parckotogy of Time. By Mary Sturt, MA. 35, 6d. net. 
" Ap ie ing book, of the work of the jouoger pepe ata of 
today. "The tear ttrle ef wrltkng adda greethy te the pleasece 


of tha reader, — Ferma! of Bdeeolior. 
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Phyeque acd Character. By 2, Xrechmer. With 47 plates, 
rs. uct. 

* Ete cowbibe tons to pepchasiny ace poectcally saikeowo io the crontry, 
and wee theres ec 0 traletiod of bis acteble work. “Tet prpblen 
commdered dy the relation Geren Gumes form 6d homeo teu. 
Such reorties must Ge omyfirded a0 oF fundaneadal iaiperaenes. We 
hare eh racosumane) thie yoduege'—Sridsh Madial Journal. 


The Paychology of Emvtiog : Morbid and Normal. By 
fohw 7. Ma iy, LG, age, mer. 
Fi 
Pr rer ety een aly. the 
muti presents bis evidences spre os ble coor This is 
« book wtich abcald bo ruad by ail interested in prychoiogy. 1 [ts subject 
fs iopetteot and the treatment interesting."—li 


Probleme of Personabty : Essays in honor of Morten Prince. 
Edited by 4.4, » Pa, 184, net, 


‘Heres Se Dae beter noget bee HR th enor of a great many of 
the leading thiskers oo the objects wich may be expected to thro Ibi 
oe the mow Pesonabty. Song guch coneey is aleye © bemendcou 


batp In In th ahay Many aubject | Taker ol beget, thee bork oe full ext 
‘—Avee 


‘-RM. 


The Mind and its Place in Nature. By 0, 5. Brosd, Fi... 

Lecturer in Philosophy at Trinity College, Cambridge. Second. 
ressionl, bos, meek. 

7 ure Che bert book that Dr. Brose bas yt veg ms. ered con of thd ieee 

Library Seppirowar "Kull Gf-arccrate Unought und aatul dutiocucrs 

L Attores 

eel on this Pound it deaecves bo be read by all seicos sbedeots."—Bartcoml 

Hanelh le Walion 


Colour-Bliotnes. By Mery Codiias, M.A. PRD. Introduc- 
tion by Or, fares Drever. ith a eoloured plate, rag. Od. net. 
‘Her bovk po worthy A big pried ae & painataking, homest, well-writted 

eeuigoworor, baeed opin tensive rearliog ad tle oe ctiginal roast ee eion, 

fodeal with colowr-vigiow, mainly trom Ene poout of view ot the payc iat. 

We bebeve that the book will cto ited te ever pone percept 

tha eobject..— Tina Fiterary £ 


The History of Materieliam. By Ff. Lasge. New edition in 
one Youre, With a0 Tetroduction by Bertrand Russel, F.F.5. 
14. met 

"An dpe ad volnabks work."—Syetevor, ‘A atenemental worle of 

the bigest alos fo all whe wah bo ker ort ha been anid aworatinl 

Of Materislies, aod why hilosophers have in the main mad oe 

roel.’ — Fie the I wecllire, 


he? the Celt of Sons and the Bele! in Tormorlality among 
Gretks. By Erin Roddc. 2549. net. 
' Tha eivetlon fap ededreddy exact ad eel eedeble bread 
af “e greet book is ae oeent oo which af cemeereed are bo bo cor 
qratalated, Tt le Lv the treeet eee a clapgic, to which all fotos acbolare 
mart bora if remit Heart how to ane the inward mgnilicanes of primdiva 
culty, == Dhaniy 
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Edneatignal By Charles Fox, Lecturer on 
mobo in holy aye of Carobridgt. Third aditicn, 
o 6d, net, 
“A Weethy ed Hee i sewed of ced tbe linge Marit. "—Kameet,  ' Cabana 
mos of the best books of ite kind '— boner. 7 An ecoremely able book, 
wot aly apciol, but ono, — lowed of Patten, 


Emotioo and Insanity, By 3. TAether, Chief of the Medica] 
Stall, Copanhagan égyluop. Preface by Profsssor 4. Havfdeng. 
3, GL net. 


* Whatever dhe wiew tekken of this Jascinatiog explioation, there ia one plea 
m thy beck whlch must bo wholeheartedly sodoreed, Host paychiairic 
ree ch dicuid receirs ouch mace coeidecation io the effect te determine 
the ogipra WW ooormal metal PrOELEER, "—Mahgre. 


Peronelity, Bye R. G. Gordon, AYO., O56. Beoond impress 
SOL |= Lo. 
"Thee teen ict, in that eery eee ul critical dlscuselon af the moot hopin 
‘work Dearifg on the thind-bedly problem, the whole bnolt together 
wopoy at leet py promupieg oF | . 
le af alien aet ‘A bifeaot 
pal —Erish Magica! fowrmal. 


cal Memory. ane Aigaaeo, Professor of 
in the Unive nity Ts. Gd. net. 

7 Poder Ripqaeo's book may prove to have an Lenportprt beaurdeg o the 
whee ot befdort-wa eels cera inner. Ho has thodesvoured it) fiva biter oe 
bo the epecial p al" Livingoess.™ 
wie Viier a ingenurty. and th 
Gon Wf stadants of biology.’ —S peter. 


Comparstive Philosophy. By Pas! Maston-Oursd.  Intre- 
duct uchen by FF, . Crokshawh, MoD. FARCE. ros. Gd. net. 
‘He ip an outhoritp oon Todimg ged Chimes philoggpby, wod im this book 
heulicdiignd the ides thet phdesophy Abel be studied an a serie of natal 
ereots by meno of 2 compartcon od ots dereloporeot io varices countries 
ate anroomegt, —Tine Cilio 5 


The fantuadge end Tough ¢ af the Chikd. Bs By aol Piaget, 


E. Chepardde. zoe Od. oat, 

“A Very ioerepiqg reaake interested in peyaiqlagy, qlmcebon, 
0 be ah of though shonid read Tin redelta arp fusprining bat perhaps 
thes opostaor 
a the way | 


Crime aod Custom in Savage Society. By 3, Mslenceeaks, 
Profesor of Anthropology in the Univeraty of London. 
With 6 plates, 45, pet 

' A bok of eerbatert. iytallgent racder."—Selay TF 

- Thwienelafice camer ime rdmatire jaraprodeace,” "eet, Tn being 

part Ehe feck that tect, 4 andl eoli-internst ane TH 

coalioed to the civilized races, the quthor of interestiag mtudy bor 
peered a uefa! geeviee te tye bymendeing of thes scieoce of die.’ — Se 
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Feysholoty end Ei . By WF. OE. Rivers, MD. DiB., 
ALS. Preface by G. Kifiod Saath, FR S. orgs. met. 


"Ths etice io ao wey octets thes treaees thet are to be foond in this 
wolves. which reethr reqekres jong ged detailed mtudy, We cooprstulata 
Ehe elite og prodociog (t, TE daa srewth yp fetozoeel to 2 + man,"— 
Seardoy Rene. ° E ha bas writen cooceming anghropokogy in 
of derterest to serio Tie Elltrary Yep pleted. 


Theoretical Hinlagy, By f. von Cerbil. ris. net. 
“Feu peat aay bo give «critica! ecouot of this important book. Partly 
BetiMie 1 [ke amb Leeud aeipe, tha A neetGiog biological fermdletions 
in a ew eyes, poctly becawss there on abun use od pew cero. 
Thirdly, the puthor'y srgumants aft ep redlead y lpoc kent Gel they cok 
eet) bes de rth do bee coenpa. Noo oge can read the book without 
i the thell of an unomalhy acote mnie ."— J. Acthuc Tbcmmog, in 
Jowell of Faieeep ead Seid, 


Thought and the Brain, By Hees Picton, Professor at the 
Collage de France. zz. Gd, net. 

‘ Awery veleoble somuery AW recent investigations inte the abroctore aod 
working of the nervous avetem, Ha ia prodigad Wf facta, but sparing of 
theses, His book en be warmly recotmmended as givdog the reader & 
wired idea of the jobricacy aed aubtishy of the mechodes by which the 
feos aleve coondinetee 114 Lip of Fe Gubelde workd.'—TPinun 
Ltftrary depp. 


Sex and Gepresion in Savage Society. By &. Mafinowsh, 
Profesor of Anthropology in the University of Londen, 
ros, te. mat. 

"Thi perk sa ment impertaat comiiletiog bt matt ‘ont 

bokagy, and it text-books 
aodard wih iv henceforth dispensable. -Safwrday Repu. 


Social Life in the Azimel World. By F. Advendes, Protesanc- 
extracrd. of Zoology in the University of Halte. te. Od. net. 
* Mont interesting ered oeelul He bes collected awealth ol evilende On Er Ou 
payebology.' weg Aaraee Giuardig. "an leghemabely be competed wi 
Kehber's Hewtalefy of Ages."=—Natiow, | We have learnt a praet deal from 
ta Juciel ap yee ol the apg a een ee.’ — Seeder are. 


The holegy of Character. By. 4. d. Kofackt, PAD, 
he Papchology tin, met. 


thtaght. Ite comprebengivence is Little abort of'a oracle; bul Dr, 
Bivheck writes chear!y ated well + tule tess ia cet [etareatiinge a it is erdiba."— 


ve Setar 


The Social Basia of Constioumese By frigent Geer, 
ALD, Fa. tas. fl. oot. 

“A meet Lportact book He de eed eels mieolting agadteet the echo 

Hace of Prine aod bos popils. Ha brings sting of very gre hope toe 

tee odo tie of humus compe bile, Peyck sane) ee 7 

probh of colors, religion, politica Bol Dr. Bacrow's bok sme Le 

prosmies 2 wrider entloeds Apo er Coe lle.’ — Ap Safar. 
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The Bdects of Muse. Edited by Mas Seioen, ory. net. 

“Tha resulta ol each atadies a9 this coufirm tle clear vations of experience, 

as Gee derabilty of goed smi com eS en Times Lae 

pe r goed compared —T wees nent 

i : fecte ereteelled are od lnterast toad! mwplc-levrers, endl 
moto medic — Nate Mirror. 


The e Amalysa of Waiter, By Berivqnd Resell, FAS. ann. 


“of the ara me ely fog ena and poymieclets bot for 

eral ins seem of a hae aie ne ee a Hatem 
os whatien af the Cocos of roloteelty one of the questo Peery, 
dete With bib batitoe) oocamoy Jockdity fad bum, ah Lt dncloed the 
west of the bok '—Maeckeier Geariam. "Elis preset brillant tek is 
cendld and atimulsting aud, for hath lee subject aod ite treatment, ons of 
Bhe best What Mir. Rome] Gee greet on.'=- Foe Literary Seppleent 


Folitical Fluralam: & Study in Moder Polithal Theory. By 
C. Aeiwo, rok, bel mak, 


’ He deals wth the wage of the literadgre, conde Gierke, rt 
Krabha, Cols, the Webbs, and Maal, reper anata ro Layee ot plareibeel 


Peentabve Br chgt he bad u gra ye ler, mod toternetnal 
eletlons. There 10 dou that I bad u grasp of his subject and breadeh 
view, — Tortikine Pont." Tie in a very iotewenticg: beets, "— find. 


The Meuretic Personality. By 2. G. Gordon, WD. DSe., 
PLR P Ed, Tos. Bd. pet, 


"Seen wiowe beve om Ele sobyack, cqupked with well-founded 
speculation mo presented with with clanty and judgment ib offers to thes 


reeder ig this ipterertin ‘—Tinu: Fi Sapiiment ‘A moat 
qareflewt book, whic he pena ftrome_Ly fora redone Veron towers 
Bue pun leceurpes” — A! ae 


Problem in Peyckopathology. Hy T. Wi. Mitchel, MD, 


+a a and reouooed ue od Freod’s cone bation to peyrbctowy- 
Ha writes jemperatelp oo om cootrorecial mbject.’= Fired 
‘Where Dr. Mitchell writes aaything we expect a brilliant efort, nae are Pi 
ot dikappodeted in Bhd sented of lectures.'—i aber. 


Religious Gouversign. By Same de Sanchs, Prolewor of 
Poychology in the Liniversity of Rome. 124 fd. oot. 

H it PEychchongiat. exch ding ali religgoae ened mecteph yee 
eee the Hee cee ondacatend, Bla aabonishingly well 
Plenty dt | book will belomad ef proct unter alike ly chord wo oo, aod 
themes who donot, shore hie view of he ptychle factors ak work io conver.” 
Day Aleta. 


Judgment and Reasming in the Child. B Jean Plaga, 
Profesor at the Univerty af Geneva, ye a’ et 


' Hig new book ie furthes evkdette OT he ‘anew an i 
Wa recomend tbo vary studeot of child omhtallty.'—5) 


geet ras canine ae at 


TorenuaTionat Leesary of Paycuciocr 


Dial patic. By Mortimer of. Adfe, Lecturer in Paychotogy, 
Cofambie University. ros. 6c. net. 

71k pees Eepell anit an analpee ot the bogples) prec develved Ly 
edie OMirrecteticn wien 6 GE of Opie de This eoqalry iGko 

Farrar Peg canons of everyday discesiog ia of Koes 3 _— 
Cree Pe 


Possibility. By Scott Buchewex, roa, Gel. eet. 


"Tide Lt an ay omlnas in paring remachably will write aad attractive. 
Waren works tic, iigidrs, and " abeolole " are 
bathe cure 2 of sete et boy coe lion the qaivor meio 
meaoy challeneiog skdemeote Which prodoes a beook thal meny wlll And 
ofl wetth meadizg. eich feuraat? Frckalonn 
The Teehoiqoe of Controversy. By Soria 5. Bogostevshy. 
Is, Gal. net. 

“We can ooby say thet, in compere with che orthodie treatise on blogic, 
th book makes really profitable aad crap lagcingting reading. Tt is 
Rew aed ae aod 9g corey rmpect worthy of & plete in ibe 
joportest mero bo whch it belong’ —fJowrwal of Eaeemtion. 


The Symbolic Process, and it Integration in Chikiren, By 

Joan F. pre PAD. ros. 6d. nat. 

‘Hie ag sole bee iy rebel eerie od ataeties on peach proints as Lhe 
SHpot Of thee chiddiad wine bakery at acide age. the Drevakioes ol 
pereomal progonos, sqd wooo. Bis geet uo thet be ingests Horde 
mo the pote) character Wo the “ aymbolis pootese ’— Tins Lileery 


The Social Insets: their Origin and Evolution. By Wilts 
Morton WAdeder, Profetsore? Entomology at Harvard University. 
With 8 plates, x15. ost, 

' Wa have read mo, book foo tie mubjject] whbch is op tn the standart of 


Edge Farts, ssbefying dedlecticcs, and phikemt bie Cop thet 
Ht commands attesbon, and ao cecellest Ta it es toute book 


ot refenaice.'— di citer Cee. 

How Animals Fiod Their Way About. By £. Rebowd, Pro 
fesor of Experimenta) Blology in the University of Paris. 
With diagrams, 7s. 6d. net. 


"A charming emmy moans ff che mol inte enters it amines 
payehology.— fowrnad af Phils aphid Sittin 
opt can afford to the crithedly amarmiged x perimenta : hh ha 


to igpacte 
Gesoribes in hls book, Tt ian hoses attempt fo ecplay myyyicrigy, amd 
ab ech bad frost Valo. =A cele Gard, 


Platoa Theory af Ethics : = Stody of the Maewl Critetion aad 
the Bighest By Professor . 0. Dodge, ars. net. 
“A bong end eetemmatle treaties covering practically the whole raaype of 
ther bth rmree Little to Mogrdeetic cage, 
cmatitutes © raraurkable echieveeseny, It would be thfiealt to comeciee 
Of work ethic, Within the mete Coetipees, eect daeoetirate ore clearly 
that Ehere is na cepesic whole jnrtiy knows a2 Platowign which is intemally 
coherent and stermly varcatle'—Tienes Cilerars Supple 
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Dy. Med. , Zurich, 
by A, tf. ‘end Cary F, Bayads. Tas net 
Taken aa 8 Whole, the book eb extrecne! important aad will farther 
omeho analy nav from me the most poral) bn L investigatoc that thes 
ec mov eet has prodaced. rea Eiteravey Sepp leer 


Ae a Historical Iotrodyction to Madern Psychology. Sy 
Gerda MMurply, Pa. Third Edition, 21s. net. 


“That Dr, Murphy showkd beve been able ty hardly thie mage of motel 
10 aa ey ed attacks why ie a comaldetabte achivemeat. He bi reel 
widely ant eccurstaly, bot bis eeoditico ie oe hurts to bie. His 
MAa ree Ore bbws lively and gente,’ —Pinee Literary 5: 


Eoxtions ef Normal People. By Witten Mowlion Marston, 
Eecturct in Psychology in Colurbia University. ifs, tet. 

. . sraaci sowie soelet wh k is avi . 

brews in this Couns. Ne has amen an a tant eon ened beaks 


vary othmulatng book == He tas Ehromn dows challenges whch minh May 
comsider oubragequi.'—Satetdoy Minnie: 


The Child’: Conception of the Work. By faaet Piaget, 
Professor at the University at Geneva, 5, 6d. net. 
* The chiki-miod beans bees Jatgely an uoks Tego. Profesor Pisget 
haa mu ride & brlous and pAective deine dete they prom, aod hos pace in 
io a wonders oolline of the actual fathe. They are of interest 
inet mae to goxberstand chikdeeo. Yee doo of no fr nonce from 
which the sameiosight can bt obtained '—Marsrkerler Greardion. 


Colour and Colour Theories. By CArisiize Lad-Fraxélen. 
With ¢ coloured plates, tas. Ol. met. 

* Thinis a collection of the vaetious papers in bieb Mice. Leacdd-Pramkin bee 
wet ow kee Hota of cokedalen—ooe oll ther attempt: ta 
Duke & cohsislent story out of thie tangle oF pie tier lel eee Har 
Haag ome! the oot a oherad comprobensive thal has beet pot 
forward. "=-Times Literary 3 


The Peychology of, Philososhere By Alsxander Herzberg, 


Ir . C. Gy, . 
Contributions to Perey ei iicae ae edith 


* thas boon dott ber blow to apa che pole ie which the pivchology 
aaa ra] appears appears to dittes bath bros that af domme ecyen reretel 
tof oem ol peo lp other maki of life. Tt ay Ge pedrmitiead 

freddy thet be pots be cede with engaging oaeedoee!:— 7 er Laer 


Creative tion: Stodies in the Psychology of Literature. 
By ene 2 . Profesor of Peyebology in the Universige 
ening, 7a. Gc. ner. 
bt t of the 
Pied See at dtecmoye what it amiyea, Toe sathor's oma 
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The Act of Interrogation. By £. 2. Hamilton, WA, B5c., 
Lecturer in Educates, University Collage of North Wales. 
Introduction by Professer C. SAérarcen, FLAS. pa. Gd. net, 

eed ate ier he eee the walue, Bedi tua tek da to 
be fecgeunendel fot o tte all parents who Gale 
lovtraat La tha ciate of thant ehidinen. Tt asta suk Get pelociples wi 

Detdliy aled fered in ekicobeting."—Satedey Rei, 


Jhe Growth of Reason: a Study of Vernal J Activi ¥ 
Freak Lorie, Lecturer in Sot Theory. eiley Collen. 
Tou. Ged. itt, 

"A tiaibe book Ly which the plabien af ancl bs ogre factor din tho a 
dévdlopmect is braced, the argorment beg thet whilé Aniftiale city 


well by |ogeock, and pricvdve mTunities by colbors pattern, nidatigae 
ot can five well ody bo ppoobole and loge.—Laonce. 


The Trauma of Binh. By Of Rank. roa &d. nei. 
‘HOE thes wiceerhe Hhat the ceurotic paient eto cinco from tha pelo 
his own bth. This motive of the hard trauma De, Ras i follow in 
1 - Baychaleg medical, and cultural He oes te fa bha oes al 
and ilanh There wan be oo deubt of the Wumins bon 
SheL De Fiagh'y Ghesis canvas! of the Tote peetee.’— in Elia 
Sagpirmpnt. 


Bicdlogin! Pri By f. A. Woodger, 6.5¢., Reader in 
Biology in the Nccrtity af London. 213, net, 

‘The tak Mr. Woodger tag ucdertakeo must hava beet very diffrult and 
laborious, bet be oy Ee Coegetedd con thes cel t.~ —J ec tier Girard. 
* Ho Biel ‘ideo peal wishes fo face fopdereniel peobdsene ah omit 
fo vead (t= aera, 


Prinaples of Experimental Poychology. By A. Pion, 
Profesor al the Colltge de France. tos. fd. net. 

* Trewtiog fig prycholowr ae Ube scieocé of regclicns, Frobeder Pie ties 

enrer they: Ba Taaberly pbrure. We dp not know of any georral 

work od the dubjict which in oo compht@hy dint if ite ction | AN AE 

introduwetiog bo the whele aobject he book appears to ue very valoable.' 

Tima Finrary Saeed, 


The Stataticad! Method mn Economics and Political Science. 
By F. Sargant Floreace, MoA., PAD, Profesor of Commerce 
in the University of Birmingham, 254, net. 

* Ete op the work ola he bes! euthorities, bul moet of Lb Le tet hers 

ere, de feesh, cial, atimulodeg, and written bo that boc aye that of8 

bad been bed tf expect fom hi. [es breadth and thenoggicesd are 
remarkable, for it very feeck more thao e oer tent hook on statmtionl 
worth) _'-— Mahara. 


Homan Speech. By Sur Richars Paget, Gt. Fiianw iP. With 
MmimeToun Mustrationg. 295A. mel 
' Theres a unique destination abou a really original arasaarch Tho 
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The Foundations of Geometry and Induction. By jeer 

At¢od. Introduction by Bertrand Repel, FRLS. rf net. 
* Ayo qo furet reading these toro eye oght be beep te midckte 
then, bat farther pluihy woukl abow trim his obcstabe, pears ble that 
the death of their anthor at the age o Eetharty fame Geet @ Teter eerlcnla Looe 
te ear Philranphy, *—fowrnal of Plifspppbical Sadat. 


Pleasure and Tostinet: a Stody in the Psychology of Human 

Acton By A. A.B. Aden. ores. Gd, ott. 

° An emlnesty a aed readadés oocmogrph on Bhe mowch alee 
probieds a0 the pature of pitteure atel mbplsasum Sloss thle work 
aophée, scone of the most important aspects of peel . the 
BBadeat will Ane Le week tm peu in conjuction sith ‘tent bee" — 
Brinsi Medical fowrnal. 


Hintory of Chinese Polteeal Thought, during the early Tsin 

Period. By Dseng CaChas, With 2 portraits, ros, Gd, net. 
"Fog all bes vedi Wool ge of on -Chiness police Bett ee hp eed the 
Wo be oe opinions, be reaaibed at heart a Cenfucesolat. Amidet the 
Bru ad sevepeyte of the peck] palltteuuns, this gread echolar's 
jepimitios of the political (euodateoms of the oldest civil den io the veohd 
MIL ee thee deep octe of some ascent temple beA."—Tiner Lrkvorr 


Five Types of Exhical Theory. By ©. 2. Broad, Tae., 
Lecturer at Trinity College, Cambridge. 1&5. net. 


"i Dok oo ebhder by De. Beeed 19 bound 69 bes icone Oo al) lovey of cheer 
Ehowget | There Ja oo brooch i ter rc perenne Rela ree a 
eed of tos apocial malts whieh werk aD bin boge, pret aod ca! ecomen, 
eminent Iecislty o thooght and statement, secotes detectoeagt fom 
ireevanl prejadices, ened. 


The Nature of Life. By Eugenia Rigeans, Professor of 
Philsephy in the University of Milan. 7s. @d, net. 

‘Toy fobs Heroes! God arresthiog siady be bos stabowaterd the acpumemis of 

those biglogiah who beve seen Lo e activities of tha elmpleet orpatdsms 
POredie Coes ioapined by trial aod sero ened ores 

reoiog powers of the biglee ania ad med. ir ls thus pasponitences 

wt Gia which dixtmguishe: it from all the inorgetk: prteeetied."—hl es 


The Mental Development of the Child, By x Kari Hiihier, 
Profegsar in the (njversity of Vienna 6s. ido 

‘Ha muikaries id a tay wag a that Wee Teve veal inerned eo far 

pheuk the meee danelopeoeo af the ehlk. Pew peep tholopinta makin a 

jentgment o9 cnel and Bo drone the bias of preconceived there. 

takes 0s With pédetratiog cofieota through che dilly age, “iecnirganvan 


agt. rhe ape ofthe grabber, the toddiar, the babblor."—zéeter 


The Chiki's Conception of Fhysical Causality. By Joos 
Piaget, Professor at the Univernty of Geneva, 125, Gd. oct. 
* Denediopa futher bie rahuibls werk. Here bo cueavendt to arrive at 
meus ice, ol they hdl “es oboe od the reasons bein cocemont, aol bene 
to conelelor its tive myntem of physics. Hie results ore Hikely io porn 
opetol in the wi th 1 Ly Te ted and io 
Che tele t of pci aI child 
eee Moe ee cede petitive peaplan, an 
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Fidete Imagery, and the Typological Method. By EF. ff. 

Jaeenacd, Professor in the University of Merburg. 7s, 6d. get. 

* Whils tb kal Prof perech te weliiens pebobengate and 

ils E a work af Eze cece J Te payee wn to pe baseplate 
nepemihy po bligheed Keres me ex cose for june af a cubjees pera 
ut it is IDbereatng. .o. The author epltomise mush of Lhe reccot 
work on thewe famcinsti rararch fe the rene bob jeck whith 
Co ae cinapaticiey Ba of re er jo the reals fell 
andl pe the path ologet. 


The Laws of Feeling. By F. Pauthen. Translated by ©, K. 
. Tos. 6d. met. 
‘Te in strange that ao important 2 coebributeen to our bowled pt of desl 
ore eatin wkend heave sudiered oeglect. The oaje thesis thet the eethor 
wivaocre is het a8 fediog.erca phaour: ed pa, ed el Bod are ue 
bo the eset of penelencic c pocs far ee thet che afectrre 
pisnomens, and ibe laws he formulates oe that Whey (ake pote ther 
ee Lhe necel complicated tondenicicn.  Raberdoy teva. 


The Faychology of loteligesce and Wilk. By ff. G. A ivat. 
1z4, Gd. net, 

‘Ta vadege Bea, a eerely pe ther analy es ol Volo noe a the 

deioute ratios nl wil-proce!s in 3 highcet dorm of free initiative to the 

capejly foc pebatomal thinkpeg ie its moet ceeahve ssapect, but om the 

bebo Ro lt Minh t Tamaki al fem Ob mate pechokgy, | 

—Jowrnal of ical Somatic. 

The Comcentric Method, in the Diagneus of the Faycho 
eeurndtic. By AY. Dain havasting, Astociate-Profeasor of 
the Pores Medical Facolty. With 3 iSustratigs, ros. 6d. net. 
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dedects, Agectic amd Mystical Experience, aml Denil rece 
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| i Payebology : a Stedy of Dait . By 
"Wilsem if arsion, C. Dety King, and Efizebeth H. Mersion, 
Zid. net. 

Tide Gook ofiers goo end wholly objecbive bowie ine ppetemeic tree tecot 
Oe eet nee See Nee ane It ethempe to Bow, oo AC ie 
gromods, that lnunoman Nee eee entree naif donthonmeny. 
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The Foundations of Muthematica and other logical Eagays. 
By Fo OF Edited Kk. ff Broitheurs, 
Fellow of Kin ‘sCollege, Cambridge. Prabect by &. EF. Moore, 


Bit 2, of Mental Phiksophy and Logic in the 
University of Cambriige, rss. net. 
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The Proeehy Ogden. Ta hd 
Ader @iteeo of ile abated work, with oo eisborical introdectGee., 
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The Primitive Miod and Modern Crilization. By 
C.R. Aldrich. Intoodoction B. Malinomshi, Professor of 
Anthropology in the Tal ty of Londen. “Forewnad by 
© G Jung. i, 1, 


Baregia pe the thasry that the egaricus reeled ee te oat porta fo reatere 
force in the development of socdety. 


The Prychology of Men af: Genius. By Professor E. Kreftchmar. 
With 72 orale, Tas, met 

A stanly, hoa op wide paychixtric experjegce, of the patere of pecdee aml 

ite elated bo iets, Ait afgomt wf biogripbecal modterial bes been 
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GOutlaes of the Hi of Greek Philetephy. By 
E. Zeer, Thirteenth too completely revised by Dy. 
MW. Mary. Aboot igs. cL mat. 


A Rew and Se ery try nl this taeda) werk, Content Indude The 


Avistate lealinuseie etc); Adee 
Papowpey foesun Pint, aed Helleustie  Frdlosopey 


(tor, Epicureans, Scapics, enti y of ths Boman Eeopire 
[Revival of Od Schone, Nes Piatoaie). 
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The Paychoingy of Children s Drawings, from the First Stroke 

to the Colored Dra By Hege Beg. With § caloured 
plates and nunperoug ling Ulusirations, ahwaot ros. Gd. net. 

The bearing ol a opel chiki drawings open deme of the chiet tems 


Of bees derelopoent Te oy rice be Appreciated 
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The Social Life of A and Mankeys, By 5. Zwckermaa, 
MAL WR, ER, Cp. Anatomist te lhe Zoological Society 
of London. Tlustrated, about Ts weet. 

A reds of the codavedual aod wie) behaviour ol apee and me nlceys, bibend 

cof Tirut- bate) ober. Aa nuAprisable Companion ¥yolumeto Hehler's 

gow aandard work Jo this sees, Tae Memtatily of pes 


Invention acd ibe Uneoosciog, By |. WM. Monimasron, 
Translated, with an Intredection, by HM. Stafford Hadfield. 
Alpoat baa. Gl, net. 

Peeciutete the prollom sa ven pAmoratid of inventions, Wang the word to 


loclede retpicc aad ph ical Ceaplites oe tll an pateatuble technical 
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Lorre eGo. 


The Theory of Legislaiion, By feremy deaddam.  Introduc- 
Goo by OC. A. Gadew. About 7a. Gd. net. 

Agee adieu of thiy temgua wank, wath on Poprradueeion ahem ihe 
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ore mod hitherto unpublished males] of Heokbeum- 


The Mind and its Body: the Foundation of Paychulogy. By 
Charhes Fox, Lecturer on Education in the University of Cam- 
bredee. Aboud ros, del, pet. 
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The Development of the Sexusl Impulaen, By 2. F. Money 
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The Peychology ol Mus: : : . Edward J. Det 
Pepchelogy of Primitive Peoples ' . &. Mahou, BLS, 
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